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ABSTRACT
The purpose of this study was to measure and report pre-service elementary teachers‟
affective domain of productive disposition toward mathematics during the semester they were
enrolled in a reform-based mathematics methods course. The study attempted to observe and
report dynamic and enduring aspects of disposition as well as the perceived reasons for any
changes, or lack thereof, in disposition. The rationale for focusing on disposition is related to
Kilpatrick, Swafford, and Findell‟s (2001) inclusion of productive disposition as one of the five
interdependent strands of the mathematical proficiency conceptual framework. Furthermore, it
has been argued that dispositions develop at very early stages in a child‟s life and therefore it is
important that teachers at the elementary level be aware of this phenomenon, which is why preservice elementary teachers were selected for this study.
The research questions were as follows: 1) What are pre-service teachers‟ reported
affective dispositions toward mathematics? 2) Do pre-service teachers‟ reported affective
dispositions toward mathematics change during the semester they are enrolled in a reform-based
mathematics methods course? 3a) What are the reported changes in affective disposition
characteristics and what do participants perceive as contributing to the dynamic nature of
disposition? 3b) What are the reported affective disposition characteristics that do not change
and what do participants perceive as contributing to the enduring nature of disposition?
This study involved 104 survey participants, 10 interviewees, and 4 case studies. It
employed a modified mixed methods research design, labeled concurrent collection sequential
analysis, and a synthesized theoretical framework involving productive disposition, affective
disposition, and positioning theory. Participants responded to a series of open-ended novel
metaphor prompts and a sub-sample of those participants was selected for one-on-one semi-
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structured interviews. A start list coding scheme was developed from the characteristics of
affective disposition toward mathematics and was used to engage in typological analysis of the
metaphor responses. The coded responses were quantitized and subjected to the nonparametric
chi-square goodness-of-fit test to detect statistical change in disposition. A specific form of
narrative analysis was employed to elicit perceived reasons for enduring or dynamic aspects of
affective disposition toward mathematics.
The majority of pre-service elementary teachers in this study reported a productive
disposition toward mathematics. As a group, their responses indicated an improvement of
disposition over the course of the semester. However, the majority of individual participants did
not report improved disposition, but rather an enduring productive disposition. Disposition was
primarily influenced by the accumulation of past experiences. This study will contribute to
research being done to identify over time particular aspects of productive disposition for
students, instructors, and students aspiring to become instructors. The results will also contribute
to research using metaphor as a data collection strategy more broadly as well as a possible
intervention technique for productive disposition, specifically.
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CHAPTER 1: INTRODUCTION
Background
In 1983, a report authored by President Ronald Regan‟s National Commission on
Excellence in Education titled A Nation at Risk: The Imperative for Educational Reform
contributed to an already growing concern about the sustainability of the United States‟
prominence in a globalized economy. It is often credited for continuing to increase the federal
government‟s role in reforming education (Johanningmeier, 2010).
The mathematics education field responded to the call for reform with a movement to
incorporate constructivist principles into the teaching and learning of mathematics along with a
critical examination of the traditional role expectations for students and teachers. This reform
movement extended beyond the elementary and secondary classrooms to include teacher
preparation programs as well (NCTM, 1989, 1991, 2000; Popekewitz, 1988; Research Advisory
Committee of the NCTM, 1990, 1996; Steffe & Weigel, 1992; Simon, 1994). As will be
discussed in further detail in Chapter 2, a reform-based mathematics methods curriculum for preservice educators incorporates constructivist principles whereby students take an active role in
their learning, which stands in stark contrast to traditional instructional practices.
Rationale, Significance, and Purpose
Integrated into this contemporary reform movement is the idea that mathematics
disposition is an integral element of mathematics proficiency (Kilpatrick, Swafford, & Findell,
2001). The title of the 2011 seventy-third yearbook of the National Council of Teachers of
Mathematics (NTCM) was Motivation and Disposition: Pathways to Learning Mathematics. The
intent of the edited work was to make the case for the importance of developing productive
dispositions toward mathematics in students, which have direct impacts on students‟ success and
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interest in studying mathematics, which in turn influence future career choices and aspirations.
This work also suggests that teachers‟ dispositions toward mathematics can have a direct impact
on their students‟ dispositions toward mathematics (Brahier, 2011).
According to Kilpatrick, Swafford, and Findell (2001), it is crucial for students to have
effective mathematics teachers during the earliest years of their schooling for the purposes of
developing productive disposition and mathematical proficiency. This makes elementary
teachers an important population to consider. With this in mind, the following study was
designed to learn about mathematical dispositions expressed by pre-service elementary teachers
with a view to improving teaching and learning of mathematics more generally.
The findings and results of this study will contribute to emergent research on identifying
particular aspects of productive disposition and tracing them over time (Gill, Ashton, & Algina,
2004) for both instructors (Thornton, 2006) and students or, in this particular case, students
aspiring to become instructors (Fredericksen, Cooner, & Stevenson, 2012; Hodges, Jong, &
Royal, 2013). They will also contribute to the methodological literature for use of metaphor in
data collection (Güner, 2012; Hagstrom et al., 2000); Zheng, & Song, 2010) as well as its
potential for being incorporated into possible interventions (Shinebourne & Smith 2010).
Theoretical Framework
A synthesis of constructs and theories framed the study. Kilpatrick, Swafford, and
Findell‟s (2001) construct of productive disposition toward mathematics and Beyers‟ (2011a,
2011b) construct of affective disposition toward mathematics are embedded in a modified
tripartite conceptual device within positioning theory (Davies & Harré, 1990; Harré &
Moghaddam, 2003; Harré, Moghaddam, Cairnie, Rothbart, & Sabat, 2009; Harré & Van
Langenhove, 1999). This can be seen in figure 1.1.
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Figure 1.1. Disposition triad. This figure is adapted from Harré and Van Langenhove (1999) and
Lynch-Arroyo (2013).
Kilpatrick, Swafford, and Findell (2001) define productive disposition toward
mathematics as: “the tendency to see sense in mathematics, to perceive it as both useful and
worthwhile, to believe a steady effort in learning mathematics pays off, and to see oneself as an
effective learner and doer of mathematics” (p. 131). Beyers (2011a, 2011b) describes affective
disposition toward mathematics as having the following seven distinct characteristics: 1) beliefs
about the nature of mathematics, 2) attitude toward mathematics, 3) beliefs about oneself as a
learner of mathematics, 4) beliefs about the usefulness of mathematics, 5) beliefs about whether
learning mathematics is worthwhile, 6) beliefs about whether mathematics is sensible, and 7)
mathematics anxiety. Positioning theory (Davies & Harré, 1990; Harré & Moghaddam, 2003;
Harré, Moghaddam, Cairnie, Rothbart, & Sabat, 2009; Harré & Van Langenhove, 1999) states
that an individual takes up a “position” within dynamic social settings that has a bi-directional
relationship with both a social force (which could be related to the other individuals present or
perhaps a series of communication acts) and a storyline (which is either a hegemonically
imposed or individually desired narrative underlying the social encounter). The theoretical
framework of this study maps productive affective disposition, simply “disposition” in figure
1.1, onto this tripartite conceptual framework as the range of positions under consideration,
which will be further discussed in Chapter 2.
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Researcher Assumptions
With respect to elementary teachers, there is a perception that they do not necessarily
enact high levels of mathematics proficiency compared to secondary teachers of mathematics,
whose expertise is assumed to be mathematics. As such, there is an assumption that elementary
teachers may have neither experienced high levels of success in mathematics nor pursued
advanced mathematics courses at the university level. Since productive disposition is a critical
component of mathematical proficiency, it was assumed elementary teachers neither possess nor
express productive dispositions toward mathematics. After a series of pilot studies with preservice elementary teachers, two important themes emerged. The tacit assumption that
elementary teachers do not express productive dispositions toward mathematics may not be
accurate. Also, the multifaceted nature of productive disposition suggests pre-service elementary
teachers express complex representations of disposition that cannot simply be identified as
productive or nonproductive. From observing and understanding this complexity, the researcher
hopes to contribute to the development of potential interventions for improving productive
disposition tailored specifically to individual students and teachers.
Context of the Study
Universities involved in training pre-service elementary teachers have both a
responsibility and an opportunity to encourage productive dispositions toward mathematics. In
fact, nearly all higher education institutions who prepare elementary teachers offer at least one
course in mathematics methods, or how best to teach mathematics to elementary students. This
study took place at a university in the southwestern United States within close proximity of the
U.S.-Mexico border. Four instructors (one tenure-track professor, two part-time recent PhD
graduates, and one retired veteran mathematics teacher and administrator) taught all five
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mathematics methods courses during the fall 2013 semester. Each adopted and executed a
reform-based mathematics methods curriculum. Within this type of curricular design, instructors
can create spaces for pre-service teachers to examine the importance of productive disposition in
teaching and learning. It was during this limited timeframe, a semester-long enrollment in the
mathematics methods course, this study was executed to examine pre-service elementary
teachers‟ affective dispositions toward mathematics and whether or not the reported affective
dispositions changed while they were enrolled in a reform-based mathematics methods course.
Research Questions
Further, this study attempted to uncover these pre-service elementary teachers‟
perceptions as to why their dispositions may or may not have changed over the course of the
semester and what particular experiences contributed to this dynamism or endurance. This study
was guided by the following research questions:
1. What are pre-service teachers‟ reported affective dispositions toward mathematics?
2. Do pre-service teachers‟ reported affective dispositions toward mathematics change
during the semester they are enrolled in a reform-based mathematics methods course?
3a. What are the reported changes in affective disposition characteristics and what do
participants perceive as contributing to the dynamic nature of disposition?
3b. What are the reported affective disposition characteristics that do not change and
what do participants perceive as contributing to the enduring nature of disposition?
Research Design and Methodology
Within a concurrent collection-sequential analysis mixed methods research design, data
were collected through an open-ended metaphor questionnaire that was implemented at the
beginning of the semester and at the end of the semester from 104 participants. Ten of the 104
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self-selected to volunteer to participate in one-on-one interview participants with the researcher
after the semester concluded. Four of the ten interview participants were selected for in-depth
narrative analysis. The open-ended metaphor responses were coded through the lens of
productive disposition (Kilpartick, Swafford, & Findell, 2001) with a focus on affective
disposition (Beyers, 2011a). Chi-square analyses of the coded metaphor responses helped to
answer the first two research questions and contributed to the selection of interview participants.
Specifically, the chi-square goodness-of-fit test was used to compare categorical data by using
the coded metaphor results from the beginning of the semester as a theoretically expected
proportion for the metaphor results at the end of the semester (Hinkle, Wiersma, & Jurs, 2003).
The same lens of productive affective disposition was used for narrative analysis (Labov, 1972;
Lieblich, Tuval-Mashiach, & Zilber, 1998) of the interview transcripts. A synthesis of these
analyses was used to answer all the research questions.
Researcher Perspective
The researcher explicitly acknowledges the existence of a preconceived notion that preservice elementary teachers are not as mathematically proficient as their pre-service secondary
mathematics teachers. Additionally, this notion extends beyond pre-service teachers to include
practicing teachers. This concept derives from the researcher‟s experience as a high school
paraprofessional, elementary substitute teacher, mathematics tutor, undergraduate instructor, and
graduate student with peers who teach from elementary to collegiate levels. Through pilot studies
with the dissertation chair and another former doctoral student, this notion has been lessened
only slightly as we uncovered potentially more productive affective dispositions toward
mathematics than we expected. However, this did not completely eradicate the notion toward
mathematical proficiency more broadly.
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As a graduate student and undergraduate instructor, the researcher also has developed a
strong connection to the efficacy of teaching and learning with constructivist principles. As such,
the researcher harbors a bleak outlook toward the current state and perceived trajectory of public
school systems responding to immense accountability pressures in a way that decreases students‟
opportunities to be supported in their learning through constructivist teaching methods.
Through this study, the researcher hopes to better understand the complex nature of
productive disposition for future development of interventions uniquely tailored to individual
students and teachers for improving productive disposition. The researcher also hopes to find
evidence that will begin to dispel the disparaging perspective of elementary teachers and their
marginalized position within the education system. Broadly, the researcher hopes that through
improved as well as already existing productive disposition among pre-service elementary
teachers will translate to greater confidence in implementing constructivist teaching methods in
elementary classrooms and with mathematics, specifically.
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CHAPTER 2: LITERATURE REVIEW
This chapter will include a review of the literature as well as outline the theoretical
framework for the study. The chapter will open with a discussion of the contemporary
mathematics reform movement, with a specific focus on reform-based mathematics methods
curriculum. The next portion of the review will focus on the construct of disposition, productive
disposition toward mathematics, and changes in disposition within the context of mathematics
education, the mathematics reform movement, and mathematical proficiency. This will lead to a
discussion of positioning theory, its relationship to disposition, and its use in this study. The
chapter will conclude with an examination of the methodological efficacy of using metaphor as a
data collection technique.
Reform-Based Mathematics Methods Curriculum
The starting point of the contemporary mathematics education reform movement is most
often identified as the National Council of Teachers of Mathematics (NCTM) 2000 report titled
Principles and Standards of School Mathematics. This report acknowledges the critical role
teachers play in shaping students‟ confidence doing mathematics and unequivocally states
students are to be active participants, not passive recipients, in their learning of mathematics
(NCTM, 2000). While the timing of this report makes for a convenient break from the twentieth
century into the twenty-first, seeds of this reform were undoubtedly planted earlier. Popekewitz
(1988) put forth challenging questions from a critical sociological perspective about how the
process of reforming mathematics curriculum ought to proceed in response to growing concerns
over the quality of mathematics instruction, which was articulated by the federal government
report A Nation at Risk (National Commission on Excellence in Education, 1983). Popekewitz
challenged the traditional roles teachers and students played within school mathematics, as well
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as the expectations each had for one another and themselves. These ideas can be seen as
comprising a central component of the contemporary reform movement.
Earlier standards documents from NCTM (1989, 1991) also indicate students ought to be
actively engaged in exploring mathematics concepts, situations, and ideas. In an article written
by the Research Advisory Committee of NCTM in 1990, the authors clearly indicate a
mathematics reform movement was well underway, stretching across national, regional, and
local levels among both governmental and academic organizations. The article emphasized an
interactive communication element being applied to all levels of instruction and presented it as
both an opportunity and obstacle for reform (Research Advisory Committee of the NCTM,
1990). Steffe and Weigel (1992) followed with an explicit call to replace conventional school
mathematics with constructivist school mathematics in order to capitalize on the interactive
communication element common to many reform efforts. Simon (1994) acknowledged the
constructivist consensus among the reformers, but made the case for concurrently incorporating
these reforms into teacher education to enhance the implementation of mathematics reform in
classrooms. A follow-up piece by the Research Advisory Committee of NTCM in 1996 not only
confirmed the constructivist approach to reform, but pointed to longitudinal studies that were
poised to show evidence-based justification for why this reform approach was preferable to the
traditional instructional methods. Up to that point, the traditional methods were being rejected by
reformers for what traditional methods failed to offer. Constructivist methods were put forth as a
viable alternative because constructivist methods did not offer the same failings as traditional
methods. The authors made the case in 1996 that promising studies were showing constructivist
approaches positively supported the process of student mathematics learning, rather than simply
avoiding failures of traditional methods (Research Advisory Committee of the NCTM, 1996).
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Another piece that is frequently associated with the beginning of the contemporary
mathematics reform movement was commissioned by the National Research Council entitled
Adding It Up: Helping Children Learn Mathematics (Kilpatrick, Swafford, & Findell, 2001). In
this book, the authors identify five interdependent strands of mathematical proficiency: adaptive
reasoning, strategic competence, conceptual understanding, productive disposition, and
procedural fluency. Productive disposition, an integral component of mathematical proficiency,
is the focus of this study.
Disposition
Disposition in general, both related to and apart from productive disposition, is a tripartite
psychological concept that can be traced all the way back to Plato. In the Republic (380 BC),
Plato outlined a tripartite theory of the soul comprising of the logical, spirited, and appetitive.
The logical seeks the truth and makes judgments on what is real, the spirited comprises
emotions, and the appetitive contains desire. Similarly, Warren (1931) defended a tripartite
conscious experience comprising of the cognitive, affective, and conative domains. He explained
these domains through parallel lay terminology consisting of intellect, feeling, and will. Kydd
and Wright (1986) identified a similar cognition, affection, and conation tripartite as the
“classical functions of the psyche” (p. 158). They used thinking, feeling, and acting as the lay
terminology to describe these three domains. Reitan and Wolfson (2000) acknowledged the
cognitive-affective-conative as a model of mental functioning. In his framework, Beyers (2011a)
refers to these as the “three categories of mental processes” (p. 70) with a particular focus on
mathematics teaching and learning. It is an adaptation of Beyers‟ conceptual framework that
frames this study.
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The most useful aspect of Beyers‟ conceptual framework is the synthesis of theoretical
concepts drawn from both educational psychology and mathematics education. The mathematics
specificity embedded in psychological language and terminology makes it exceptionally useful.
For instance, Beyers identifies the cognitive domain as one‟s inclination or tendency to make
mathematical connections. This encompasses Plato‟s description of making judgments, Warren‟s
intellect, and Kydd and Wright‟s thinking. Likewise, Beyers‟ (2011a) defines the conative
domain as one possessing the “tendency or inclination to purposively strive or to exercise
diligence, effort, or persistence in the face of mathematical activity” (pp. 71-72). This coincides
with Plato‟s desire, Warren‟s will, and Kydd and Wright‟s acting. Finally, Beyers (2011a)
describes the affective domain of disposition toward mathematics as a “tendency or inclination to
have or experience particular attitudes, beliefs, feeling, emotions, moods, or temperaments with
respect to mathematics” (p. 71). Again, this is akin to Plato‟s spirited emotions as well as
Warren‟s and Kydd and Wright‟s feelings.
Specifically to mathematics, Beyers (2011a) lists six descriptors for the affective domain
of disposition toward mathematics: 1) beliefs about oneself as a learner of mathematics, 2)
attitude toward mathematics, 3) beliefs about the nature of mathematics, 4) beliefs about the
usefulness of mathematics, 5) beliefs about whether learning mathematics is worthwhile, and 6)
beliefs about whether mathematics is sensible. These six, with the inclusion of anxiety, were
used as a major strand of the theoretical framework for this study. While anxiety was
acknowledged by Beyers, it was not included in his conceptual framework for defining the
affective domain of disposition toward mathematics.
However, Beyers (2011b) does include anxiety within a conceptual framework in another
article. The definition is, “Whether or not the student experiences anxiety in relation to
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mathematics,” (p. 30). Alpert and Haber (1960) studied the effects of anxiety on academic
performance. Of importance was their question beyond the mere presence of anxiety, but rather
whether or not anxiety would facilitate or inhibit performance. It is this orientation to anxiety
that is used in this study, not the presence but the effect.
Productive Disposition toward Mathematics
This study uses the terminology of productive and nonproductive to describe the overall
affective disposition that a participant expresses toward mathematics. Productive disposition is
defined by Kilpartick, Swafford, and Findell (2001) as: “the tendency to see sense in
mathematics, to perceive it as both useful and worthwhile, to believe a steady effort in learning
mathematics pays off, and to see oneself as an effective learner and doer of mathematics” (p.
131). This definition is also used by Gerson, Hyer, and Walter (2011). In contrast, other
researchers have used the term “positive disposition,” which is vague and carries an implicit
assumption that the reader already knows the definition (e.g., Frederiksen, Cooner, & Stevenson,
2012; Masunaga & Lewis, 2011; Ripski, LoCasale-Crouch, & Decker, 2011; Royster, Harris, &
Shoeps, 1999; Steger, Littman-Ovadia, Miller, Menger, & Rothmann, 2013; Stodolsky, 1985;
Welton, & Vakil, 2010; Whitin, 2007).
Beyond the explicit definition for productive disposition, Kilpatrick et al. (2001)
articulate the interconnectedness of productive disposition with the other strands of mathematical
proficiency. For example, through building strategic competence, procedural fluency, and
conceptual understanding; students come to see themselves as capable learners and doers of
mathematics while constructing a belief that mathematics is sensible as well as both procedural
and conceptual in nature. A belief that mathematics is worthwhile also complements the other
strands of mathematical proficiency because it implies time and effort dedicated to mathematics
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pays off. Therefore, one‟s mathematical proficiency is not fixed and can be improved or
enhanced, which can encourage a positive feedback loop that allows a student to improve both
their disposition and proficiency in an iterative manner.
According to Kilpatrick et al. (2001), the majority of students in the United States begin
their schooling with a productive disposition toward mathematics, emphasizing the importance
of being in classrooms with effective mathematics teachers in the elementary grades. The authors
posit that teaching practice is directly impacted by the teacher‟s own disposition toward
mathematics, which will undoubtedly have an impact on students‟ dispositions. They also claim
once a nonproductive disposition toward mathematics has been developed, it becomes very
difficult and time consuming to change (Kilpatrick, et al., 2001).
Change in Disposition
Guskey (1986) put forth a model for change that posits beliefs and attitudes, which are
components of affective disposition, are changed after experiencing evidence of changing
outcomes. This sequence from this model is confirmed in Drake‟s (2006) work in uncovering
“turning points” in elementary teachers‟ mathematics life stories. In each of her cases, the
teachers had early life experiences that instilled nonproductive affective dispositions toward
mathematics, specifically in the areas of self-concept, anxiety, and sensibleness. After having a
specific experience and witnessing a more positive outcome, or what she terms a turning point,
these teachers changed their disposition and reported productive dispositions toward
mathematics, specifically in the areas of nature, sensibleness, and self-concept.
Looking specifically at pre-service elementary teachers, Swars, Hart, Smith, Smith, and
Tolar (2007) found that experiences in a mathematics methods course and student teaching
contributed to change in pedagogical beliefs and self-efficacy beliefs. More specifically, Kaasila,
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Hannula, Laine, and Pehkonen (2008) identified in a four-case sample that elementary preservice teachers improved their views toward mathematics during the course of a mathematics
methods course due to reflections on previous mathematics experiences, using manipulatives to
explore content, and working with a peer or being a mathematics tutor. Consistent with Guskey
(1986), Kaasila et al. (2008) constructed a model for teacher change that involved participants
exploring and testing alternative beliefs and practices before ultimately changing their views of
mathematics.
Haser and Doğan (2012) studied pre-service mathematics teachers‟ beliefs about
mathematics before and after completing a math methods course and determined that some of the
beliefs changed, while others remained unchanged throughout the course. They speculated that
the beliefs that did not change were “central” and were caused by experiences they had as
mathematics students and the beliefs that did change were “peripheral” and may have been
influenced by the course. These are what Lynch-Arroyo (2013) referred to as “hard core”
disposition as well as “fluid” disposition toward mathematics. Mueller and Hindin (2011) studied
pre-service elementary teachers‟ developing dispositions over a longer period of time and
concluded that prior experiences, teacher education courses, and field experiences contributed in
varying degrees across participants to the development of dispositions.
Positioning
Positioning theory stems from social psychology, or what Harré and Moghaddam (2003)
refer to as Wundt‟s “second psychology,” which differs significantly from experimental
laboratory psychology by taking into account the social context as an impactful force influencing
behavior. This theory is often traced back to a paper by Davies and Harré (1990), which sought
to extend the rigid, ritualistic, and fixed nature of the concept of “role” to incorporate the
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dynamic aspects of social encounters. Later, Harré, Moghaddam, Cairnie, Rothbart, and Sabat
(2009) emphasized meaning as the central component of this theory, meanings of particular
actions as interpreted by others as well as the actor. Harré and Moghaddam (2003) describe the
performance of positioning oneself and/or others as an interconnected triad of position,
communication act (also referred to as social force), and storyline. The position is defined as the
rights and duties ascribed or restricted to an individual within a given social context.
Communication acts involve all actions taken that can be interpreted for specific meanings that
fall within or without particular boundaries of norms and conventions. Storyline refers to those
external norms and conventions that individuals bring, contest, and/or negotiate within a
particular social context (Harré & Van Langenhove, 1999). The dynamic convergence of these
three aspects in action, regardless of explicit intentions of those involved, comprises the
performance of positioning.
An important feature of positioning is its interactive nature. Individuals can reflexively
position themselves during interactions, but they can also position others or be positioned by
others (Davies & Harré, 1990; Harré & Van Langenhove, 1999). As such, challenges to
positionings are possible as well as changes in positioning. As particular challenges are
undertaken and changes occur, all three elements of the triad are simultaneously in dynamic
motion. Again, these may be deliberate, inadvertent, presumptive, etc. As a result, the meanings
interpreted and ascribed to specific actions are thereby altered (Harré, et al., 2009). This
reinforces the notion that positioning is not a static or fixed result of a process, but rather a
dynamic or fluid performance whereby roles, rights, and duties are infused with kinetic and
potential energy.
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Positioning theory has been implemented in various fields and scales. For instance, it has
been used to analyze, explain, and transform close human relationships; analyze small-scale
political encounters; analyze the narrative accompanying a large-scale violent human conflict
(Harré, et al., 2009); seek and describe global conflict resolution (Moghaddam, Harré, & Lee,
2008); and analyze strategies employed in public relations (James, 2014).
Positioning theory has been employed in studying how elementary children learn
mathematics (Wood, 2013). Wood‟s study examined moment-to-moment micro-identities of a
single fourth grade student during one mathematics lesson using positioning theory as a lens in
an attempt to link positioning to learning. Vanassche and Keltchtermans (2014) similarly
attempted to link positioning with professionalism with respect to teacher educators in Belgium.
One of their findings was the positioning the teacher educators undertook had implications for
their teaching practice in working with student teachers. It was Correa, Martínez-Arbelaiz, and
Gutierrez (2014) who shifted focus to the student teachers themselves by using positioning
theory as a way to attempt to explain how student teachers grappled with the conflict between
their ideal imagined conception of a teacher and their own developing identity and practice as a
teacher in a real classroom.
With respect to mathematics education research as a whole, positioning theory
application is in its “infancy” according to Herbel-Eisenmann, Wagner, Johnson, Suh, and
Figueras (2015, p. 18). In their review, they make a major theoretical contribution to assist future
researchers in employing positioning theory in mathematics education research. They
incorporated the notion of scale. Drawing from physicist and science educator Lemke‟s (2000)
idea of timescales, Herbel-Eisenmann et al. (2015) suggest researchers identify the scale they are
using for data and analysis. Lemke (2000) used a thirteen-level ordering system to define
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timescales at the most micro (utterances, lasting a matter of seconds) to the most macro
(ecosystem, climate change, lasting tens to hundreds of thousands of years). For the purposes of
this study, the researcher sought to extract storylines from levels seven (semester/year
curriculum), eight (multiyear curriculum), and nine (lifespan educational development) while
being sensitive to reflexive self-positioning at the first (utterance) level during a one-on-one
interview.
Herbel-Eisenmann et al. (2015) also identified a troubling trend that the terms position
and positioning were used interchangeably in the literature and they were assigned different
grammatical roles (e.g., adjectives, objects, verbs, etc., see p. 6 of Herbel-Eisenmann, et al.,
2015). For the purposes of this study, the term positioning will be used exclusively as a verb and
the term position will be replaced with disposition, which will be used exclusively as a noun or
object to describe a particular participant‟s location at a given moment with respect to
mathematics. That is not to state that disposition is by any means fixed or static, although there
are certain elements that can be enduring. The object grammatical role does not preclude
disposition or its elements from change or fluidity. Figure 1.1 illustrates the disposition triad that
guided this study.
Metaphor
Glucksberg (2008) posits that metaphors are categorical assertions, whereby the attributes
of one term or concept are used to describe the attributes of another. Lakoff and Johnson (1980)
distinguish this type of relationship as a conceptual metaphor from a linguistic metaphor. They
use the terms “target” and “base” to identify the two items being used in a conceptual metaphor.
Glucksberg (2008) uses “topic” and “vehicle” to explain the same phenomenon. According to
these analyses, the item that is the “topic” is the item being described, while the “vehicle” is the

17

item whose attributes are being ascribed to the target. Using topic and vehicle terminology,
Glucksberg (2008) provides an explanatory example through the metaphor “my surgeon is a
butcher”:
. . . the topic surgeon is assigned to the vehicle category butchers and inherits salient
properties of that vehicle category, such as grossly incompetent. In the context of
surgeon, incompetence is instantiated as bloody, causing bodily injury and so. For the
metaphor my butcher is a surgeon, topic and vehicle roles are reversed and now the topic
butcher inherits stereotypical properties of the vehicle category surgeons, for example,
precise, expert, skillful (p. 81).
As the previous example articulates, stereotypical attributes of one term are “mapped” onto
another term for descriptive purposes. This is also an example of a “conventional metaphor” due
to its extensive use and general ease of comprehension. Conventional metaphors can be
distinguished from “novel metaphors” that may be as descriptive as conventional metaphors.
However, they are not employed as extensively and may require explanation.
In this study, the participants were asked to develop their own novel metaphor for
mathematics. They were provided with the topic “mathematics” and were asked to select their
own vehicle to describe mathematics as well as to provide a rationale for their choice. By
eliciting the rationale, we were able to determine which salient aspects of their chosen vehicle
are to be ascribed to mathematics.
Metaphors are also useful at gathering indirect information when attempting to collect
direct information may be problematic. In the field of psychotherapy, Shinebourne and Smith
(2010) state, “Metaphors enable participants to communicate indirectly negative emotions that
may be too painful to express directly” (p. 67). In this study, asking students directly how they
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think and feel about mathematics may not have elicited trustworthy information as the students
may have been apprehensive to directly express these thoughts and feelings for fear of
potentially negative consequences for that expression. Hagstrom et al. (2000) assert, “Metaphors
open the fresh space of truth-telling, humor, powerful use of language, and image that hold the
paradox and complexity of the human experience” (p. 27). The authors in that study were able to
elicit concepts about teaching from pre-service teachers they believed they would not have been
able to elicit through direct questioning. Our hope was that students had not experienced
negative emotional trauma that Shinebourne and Smith (2010) alluded to. However, we did not
want to assume anything about our participants‟ interactions with, responses to, and perceptions
of mathematics.
Additionally, the students may not have explored their perspectives on mathematics
previously and may not have the desire or ability to provide an accurate or elaborate response.
Zheng and Song (2010) posit that when learners lack the linguistic competence to fully explain
their own theories, metaphors are particularly helpful. Shinebourne and Smith (2010) found that
metaphors are useful for eliciting accounts of “previously unexpressed or unexplored dimension
of experience” (p. 68) as well as allowing participants to “produce additional insights and a
richer picture of the participants‟ experience” (p. 69). Zheng and Song (2010) also discovered the
possibility of gaining insights into students‟ views of particular content areas through the
metaphors they use to describe them.
Buerk (1982) uncovered spontaneous metaphors in her interviews with adult women who
intentionally avoided mathematics. From analyzing the metaphors, Buerk (1982) was able to
make connections to how these participants conceived of mathematics. As Sfard (1998) and
Núñez (2008) have indicated, there is something inherent to how we think about and talk about
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mathematics that lends itself to metaphor. Sfard (1998) approaches the issue from two
metaphorical perspectives regarding teaching and learning mathematics, one of acquisition and
the other of participation, to uncover our beliefs about the nature of mathematics. Núñez (2008)
argues that metaphor is central to the nature of mathematics itself. Güner (2012) used metaphor
analysis to look specifically at secondary high school students‟ attitudes (strictly positive or
negative) toward learning mathematics in Turkey.
We used metaphors in this study to indirectly elicit rich and insightful perspectives
students hold toward mathematics and through analysis, determine the students‟ expressed
affective disposition toward mathematics. By allowing students to write their responses, we
hoped to reduce the impact of social force in the disposition triad so the participants‟ disposition
and storyline would be more influenced by their past experiences and perspectives rather than
being a product of the specific social environment they were situated in while responding (e.g.,
in an interview). Sam (1999) attempted to analyze participants‟ metaphors, among analogies or
descriptions, to investigate adults‟ images of mathematics. Three distinct problems emerged
from analysis: infinitely possible interpretations, responses that were too vague to be interpreted,
and different interpretations among different researchers. In what will be discussed in more detail
in chapter 3, these problems were intentionally limited by asking participants to explain their
metaphors and the use of a very detailed and explicit coding scheme for analysis.
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CHAPTER 3: METHODOLOGY
This study investigated pre-service elementary teachers‟ affective dispositions toward
mathematics during one semester while they were enrolled in a reform-based elementary
mathematics methods course. Affective dispositions toward mathematics were observed through
the use of an open-ended metaphor prompt questionnaire and a follow-up, semi-structured
interview.
The research questions that guided this study are as follows:
1. What are pre-service elementary teachers‟ reported affective dispositions toward
mathematics?
2. Do pre-service elementary teachers‟ reported affective dispositions toward
mathematics change during the semester they are enrolled in a reform-based mathematics
methods course?
3a. What are the reported changes in affective disposition characteristics and what do
participants perceive as contributing to the dynamic nature of disposition?
3b. What are the reported affective disposition characteristics that do not change and
what do participants perceive as contributing to the enduring nature of disposition?
This chapter outlines the methods that were used in this research study. The topics
include the research design, participants and setting, the instruments, data collection, and data
analysis.
Research Design
Built into the design of this research study was the potential for mixed methods of data
analysis. This approach naturally increased the potential for unanticipated complexity that may
have impacted the nature of the research design and required flexibility on the part of the
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researcher to review and reconsider design elements during the study. Brannen (2008) makes a
claim for researchers who are engaged in this practice of mixing methods to critically reflect,
explore, and write about methodological practice. In particular, “the possibilities and constraints
of the research process, including those encountered during the data analysis phase, may divert
the original plan and intention” (Brannen, 2008, p. 57). This is consistent with this dissertation
study and the researcher was required to alter the research design to efficiently answer the
research questions. What follows is a brief discussion of the intended research design (embedded
case study) and how it was altered through the research process and transformed into what the
researcher has labeled “concurrent collection sequential analysis mixed methods” design.
The original research design was a modified form of case study research design that Yin
(2003) would describe as “embedded multiple-case design” and what Stake (1995, 2003) would
refer to as a “collective case study.” The researcher anticipated the course section each
participant was assigned would have a significant impact on reported affective disposition
toward mathematics. The individual pre-service teacher participants were the multiple “units”
within the five-section “bounded system” of the entire cohort of elementary pre-service teachers
enrolled in mathematics methods coursework during the Fall 2013 semester (Merriam, 1998).
Based on this design, the researcher would select at least one individual from each section from
the set of participants who completed the open-ended metaphor questionnaires at the beginning
and end of the semester to participate in an in-depth semi-structured interview. This embedded
case study design would employ mixed methods of analysis.
However, as will be discussed in Chapter 4, the first phase of data analysis showed the
section to which each participant was assigned did not have a significant impact on affective
disposition toward mathematics. Therefore, at this juncture the research design was altered from
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an embedded case study with mixed methods of analysis to concurrent collection sequential
analysis mixed methods design. Mertens (2005) refers to this approach in altering the research
design as founded in pragmatism, since the aim of the research was to seek answers to the
research questions while allowing the design to flexibly follow a path toward finding the answers
to those questions.
The executed concurrent collection sequential analysis mixed methods research design
can be classified as a hybrid in the mixed methods literature. Creswell‟s (2003) classifications
for mixed methods designs fit nicely into two categories: sequential and concurrent, or what
Mertens (2005) refers to as “parallel”. However, Creswell‟s definitions of these two categories
do not adequately describe the mixed methods design of this study. For instance, according to
Creswell (2003) and Mertens (2005), a concurrent mixed methods design is limited to the
researcher collecting two different types of data (quantitative and qualitative) simultaneously, or
within what Mertens (2005) refers to as a “time lag” (p. 269), prior to data analysis. In this
dissertation study, multiple sets of data were collected before analysis, but only one form of data
(qualitative) was collected. Contrastingly, Creswell‟s (2003) definition of a sequential mixed
methods design requires the researcher to collect and analyze one form of data (qualitative or
quantitative) before collecting and analyzing another form of data (quantitative or qualitative).
As mentioned previously, data were not collected and analyzed prior to the next phase of data
collection. However, during the data analysis phase, as will be described later in this chapter, the
results of one form of data analysis (quantitative) impacted the next phase of data analysis
(qualitative).
In more recent literature, Creswell, Plano Clark, and Garrett (2008), identify strengths
and issues associated with both sequential and concurrent designs. As discussed previously, the
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strategies they identify to overcome issues in each design-type were utilized in this study, but not
exactly as they describe. For instance, they identify data integration as an issue in concurrent
mixed methods designs. Their strategy for overcoming this issue is to “transform one type of
data to be compared with the other” (Creswell, Plano Clark, & Garrett, 2008, p. 70). While the
researcher in this study did transform one type of data into another, it was not to compare it with
the “other” type of data. Another example, this time with respect to sequential designs, is the
issue of participant selection. One strategy they recommend is to, “use criteria for participant
selection, such as building on significant, non-significant results . . . or some combination”
(Creswell, Plano Clark, & Garrett, 2008, p. 71). As will be discussed in-depth later in the
chapter, the researcher in this study did use a combination of significant and non-significant
results from one phase of data analysis as selection criteria for the next phase of data analysis,
but not for participant selection in the next phase of data collection.
From these apparent inconsistencies among concurrent and sequential designs comes the
mixed methods design of this study, which I have labeled “concurrent collection sequential
analysis mixed methods” design. These specific methods of data collection and analysis will be
discussed later in this chapter. As mentioned previously, this was not the intended design of the
study. However, results from the first data analysis phase, which will be described in Chapter 4,
compelled the researcher to alter the design.
Participants and Context of the Study
The participants in the study were undergraduate students who were enrolled in a reformbased elementary mathematics methods course during the fall semester of 2013 in a university in
the southwestern United States within close proximity to the U.S.-Mexico border. There were
139 students enrolled in the five sections of mathematics methods courses this semester. All 139
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students completed at least one of the open-ended metaphor questionnaires. However, 35
students did not complete both questionnaires, resulting in a final sample of 104 students. Of the
final sample, 11 (10.6%) were males and 93 (89.4%) were females, 6 (5.8%) identified as
white/Caucasian

and

98

(94.2%)

identified

as

Hispanic/Latin@/Mexican/Mexican

American/white. Of the 104 participants, 13 (12.5%) identified as monolingual English speakers,
35 (33.7%) identified as English dominant English-Spanish bilinguals, 46 (44.2%) identified as
Spanish dominant Spanish-English bilinguals, and 10 (9.6%) identified as balanced SpanishEnglish bilinguals. The range of participants‟ reported years attending U.S. schools was from
3.17 to 34.33. The mean number of years attending U.S. schools was 14.15 with a standard
deviation of 5.85.
Four instructors taught the five sections of reform-based elementary mathematics
methods. One instructor taught two sections and was the only tenure-track faculty to teach this
course. Two of the other instructors were recent PhD graduates teaching as part-time lecturers
and the other instructor was a retired, veteran mathematics teacher and administrator without a
PhD. All instructors used reform-based textbooks (Cathcart, Pothier, Vance, & Bezuk, 2011;
Donovan & Bransford, 2005; Van de Walle, 2007; Van de Walle, Karp, & Bay-Williams, 2009).
In addition to the reform-based text books, the instructors adhered to a constructivist
reform-based philosophy found in their course syllabi. Excerpts from these syllabi include:
We will reflect upon our own experiences and beliefs about mathematics. We will look at
mathematics as a discipline, and compare more traditional ideas about what it means to
„know‟ and „do‟ mathematics to the vision of mathematics advocated by the reform
movements as well as what it means to „know‟ and „do‟ mathematics relying on
constructivist principles of learning and teaching (emphasis added);
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The role of the student is active and involves teaching as well as learning (emphasis
added);
This course analyzes contemporary curricula; implementation of methods relevant for
active, authentic learning, and culture relevant teaching of mathematics to elementary
grade learners (emphasis added); and
Learning is social and develops from experiences we have in daily living. The process of
engagement in communities of practice supports learning, thinking, and knowledge. A set
of shared ideas, commitments, and memories are developed in learning communities. The
individual talents, interests, and needs of community members influence a community.
As members gain experiences in a community, their participation increases (emphasis
added).
These principles are adhered to through the instructors‟ planned learning activities and
assessments. For instance, all the instructors required students to engage in reflective writing
exercises where students are tasked with actively thinking about what they are learning and
explicitly communicating their own learning experiences. All instructors provide rubrics which
they use to assess student work. The pre-service teachers have the opportunity to use these
rubrics as a method to assess their own learning. Beyond that, the instructors provide rubrics to
their pre-service teacher students to assess their peers‟ work. By engaging pre-service teachers in
the act of assessment, the instructors are giving these students opportunities to actively engage in
their learning of becoming teachers.
Instruments
To identify pre-service elementary teachers‟ affective dispositions toward mathematics,
an open-ended metaphor questionnaire was administered and semi-structured interviews were
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conducted with selected participants. This section will describe the development of the metaphor
questionnaire and the semi-structured interview protocol.
Metaphor Questionnaire
The open-ended metaphor questionnaire consisted of 14 metaphor prompts, see Appendix
A and Appendix B for the questionnaires. For example, participants were asked to complete the
phrase, “Mathematics is like . . .” and then they were asked to explain the reason for completing
the phrase the way they did.
Metaphor Pilot. The individual metaphor prompts were developed through a series of
pilot trials. The dissertation researcher along with the advising faculty member and another
doctoral student brainstormed possible metaphor prompts that would elicit the widest range of
affective characteristics. The team decided on 20 metaphor prompts that would be tested with
volunteer middle school mathematics teachers and students during the spring semester of 2012.
After reviewing the responses of approximately 100 teachers and students to various
combinations of the 20 metaphor prompts, five were identified as eliciting the widest and most
complete range of affective characteristics as well as what the team determined to capture the
greatest amount of complexity.
Pre-Service Elementary Teacher Pilot. These five prompts were included in an
instrument that was to be piloted with 33 pre-service elementary teachers enrolled in one
mathematics methods course during the subsequent fall semester of 2012 (Arroyo, McDermott,
& Tchoshanov, 2012a; 2012b). Responses to metaphor prompts were coded by the research team
on a 1-5 scale for dispositional productivity, with one being highly nonproductive and five being
highly productive. Consensus was reached through the Delphi method (Manizade & Mason,
2011). Near the end of the fall 2012 semester, the same pre-service teachers were asked to
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respond to three items with the same 1-5 scale that was used to code the metaphor responses. In
this phase, the participants were asked directly to locate themselves on the 1-5 productivity
continua toward mathematics, mathematics teaching, and mathematics learning. The purpose
was to confirm the metaphor coding with participant perceptions. However, when correlation
statistics (Pearson‟s r) were calculated, the results indicated a weak and non-significant
relationship between the metaphor responses and the participants‟ perceptions. The team
determined that there were two potential reasons for this outcome: either the participants‟
disposition had changed over the course of the semester or the two different inquiry methods
were eliciting different kinds of responses. Since we did not use the same data collection
procedure at multiple times during the semester, we did not have evidence to investigate the
possibility of participants‟ dispositions changing during the semester. This became the question
for further research that was investigated in this study.
The five metaphor prompts that were included in the pre-service elementary teacher pilot
were adopted for the other student‟s dissertation study (Lynch-Arroyo, 2013). After reviewing
the data collected for the other dissertation, it was determined that one of the five metaphor
prompts did not elicit the responses the team had hoped for (If mathematics were a question, it
would be . . .) and seemed to confuse participants more than anything. The remaining four
metaphor prompts were retained for the metaphor questionnaire administered in this study. The
four prompts were as follows:
1. Mathematics is like . . .
2. If mathematics were a plant, it would be . . .
3. If mathematics were an animal, it would be . . .
4. If mathematics were the weather, it would be . . .
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The fifth metaphor prompt was taken from the original 20 that had been tested and
showed to elicit similarly varied affective characteristics in the original pilot: If mathematics
were a game, it would be . . .
Three additional metaphor prompts were developed for this questionnaire that altered the
target from mathematics to learning mathematics. The three prompts were as follows:
1. Learning mathematics is like . . .
2. If learning mathematics were a journey, it would be . . .
3. If learning mathematics was swimming, it would be . . .
The final two metaphor prompts were also similarly included in the original 20 in the
pilot. However, the results showed that participants were often referencing mathematics learning
in their metaphor explanations. Therefore, these prompts were re-written to reflect that tendency.
Additionally, learning is an active verb and both journey and swimming are related to actions,
giving these prompts linguistic consistency.
Five more metaphor prompts were developed to target mathematics teaching. Since the
participants were pre-service teachers enrolled in a course about teaching methods, eliciting their
affective dispositions toward mathematics through the lens of teaching was relevant. These five
prompts were as follows:
1. Teaching mathematics is like . . .
2. If teaching mathematics was an art, it would be . . .
3. If teaching mathematics was cooking, it would be . . .
4. If teaching mathematics was a science, it would be . . .
5. If teaching mathematics was designing, it would be . . .
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As with the learning mathematics metaphor prompts, the teaching mathematics metaphor
prompts provide linguistic consistency as the target and the prompt are both actions. Also, these
prompts were also piloted in the original 20 with mathematics as the target.
The final metaphor prompt was modified from the “Draw a Mathematician” research
(Picker & Berry, 2000; Rock & Shaw, 2000). This prompt read: A mathematician is like . . . By
asking respondents to direct their thinking toward the highest profession in the field, they would
be indirectly expressing their affective disposition toward mathematics.
Interview Protocol
From the pool of participants, a sample was recruited to participate in a semi-structured
interview. The interview protocol consisted of three phases, see Appendix C for the interview
protocol. The first phase included questions about where the participant was born, where she/he
attended school, and concluded with a question asking the participant to describe their most
memorable experience with mathematics. The second phase of the interview included questions
that directly asked the participant if she/he perceived any change in herself or himself over the
course of the semester with respect to each of the affective disposition characteristics. The third
and final phase of the interview required the participants to read and review their responses to the
metaphor prompts at both the beginning and the end of the semester. They were then asked to
expand, clarify, or explain further their metaphor responses.
Pre-Service Elementary Teacher Pilot. As with the development of the metaphor
questionnaire, the semi-structured interview protocol was also piloted prior to use in this study.
During the fall of 2012, as part of the pilot study with 33 pre-service teachers who responded to
metaphor prompts and placed themselves on the 1-5 productivity scales, two were purposively
selected to participate in a semi-structured interview. One participant‟s perceived location on the
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1-5 productivity scale was consistent with their metaphor responses, while the other participant‟s
perceived location on the scale was inconsistent with the research team‟s rating of the metaphor
responses. Analysis of the pilot interview transcripts suggested that participants‟ experiences
prior to the mathematics methods course as well as experiences during the course may have
contributed to affective disposition toward mathematics.
Data Collection Procedures
The concurrent data collection phase of this dissertation study took place within what
Mertens (2005) refers to as a “time lag” (p. 296) during the Fall 2013 semester. It involved three
distinct phases. The first phase was the Pre-Questionnaire, followed by the Post-Questionnaire,
and concluding with the Semi-Structured Interviews. These were all conducted before any of the
data was formally analyzed.
Pre and Post-Questionnaires
The 14-item metaphor questionnaire was administered both at the beginning of the fall
2013 semester and again at the end of the semester. To avoid participant fatigue, the 14-item
questionnaire was split into two 7-item metaphor questionnaires. The first 7-item questionnaire,
see Appendix A, was administered on the first day each section met. This will be referred to as
Pre-Questionnaire 1. The second 7-item questionnaire, see Appendix B, was administered either
the second or third session, depending on instructor availability. This will be referred to as PreQuestionnaire 2. The same procedure was followed at the end of the semester, with the first 7item questionnaire administered the second-to-last meeting and the second 7-item questionnaire
administered on the last meeting date of the semester. These will be referred to as PostQuestionnaire 1 and Post-Questionnaire 2, respectively. There was one deviation from this
procedure. The instructor who taught two of the sections had the classes meet with another
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instructor‟s class on educational technology as well as online during the final three weeks
leading up to the last meeting date. It was decided that the students in these two sections would
respond to the full 14-item questionnaire on the final meeting date of the semester. All handwritten responses to the metaphor prompts were transcribed, type-written, by the researcher.
Semi-Structured Interviews
After all participants had completed the metaphor questionnaires, all 104 students who
had completed each metaphor questionnaire were recruited via email to participate in the semistructured interviews, see Appendix C for the interview protocol. Of those that expressed interest
in participating, 10 students responded to follow-up emails to schedule interviews and all 10
were interviewed during the months of December 2013 as well as January and February 2014.
The researcher intended for at least one interview participant to have been enrolled in each of the
five sections, which would have been consistent with the initial embedded case study design.
Interviews lasted between one and two hours with one spanning over three hours. All interviews
were transcribed, type-written, by the dissertation researcher. Each interview began by asking the
participant to share the schools they attended, which lasted about ten minutes. Then, each was
asked to reflect on their most memorable mathematics experience, with the instruction that they
would not necessarily need to respond immediately, but to be thinking about it over the course of
the conversation. After, each participant was asked explicitly to identify their perception of their
disposition to mathematics by responding to direct questions about each affective characteristic.
This portion took approximately twenty minutes. Then participants were shown a representative
sample of their metaphor responses, chosen by the researcher, for them to explain and comment.
This portion of the interview took approximately thirty minutes.

32

Data Analysis
The dissertation researcher conducted three sequential data analysis phases, in what
Tashakkori and Teddlie (1998) refer to as sequential QUAN-QUAL analysis. The first phase was
analyzing the open-ended metaphor responses for dispositional productivity and affective
disposition characteristics. The results of this first phase were used to determine which
interviews would be analyzed in the second and third phases. The second phase was analyzing
two particular and distinct sections of the interviews for dispositional productivity and affective
disposition characteristics. The third phase of analysis was using narrative analysis to analyze the
portions of the interview where participants described their experiences with mathematics. Each
of these phases will be described in detail below.
Phase One: Metaphor Analysis
To analyze the metaphor responses, the researcher adopted Goetz and LeCompte‟s (1984)
typological analysis. This form of analysis, endorsed by Hatch (2002), required the researcher to
divide the data into categories or groups based on predetermined typologies. In order to achieve
typological analysis of the open-ended metaphor responses necessitated what Richards (2009)
referred to as an “analytic coding” procedure, whereby the researcher interpreted and reflected
on the meaning of each individual metaphor response (p. 102). Then each response was placed
into a category based on whether the response was determined to be indicative of a productive
disposition or a nonproductive disposition. Each response was also placed into the category(ies)
of affective characteristic(s). Table 3.1 below displays the definitions for each of the affective
disposition characteristics representing both a productive and a nonproductive disposition toward
mathematics. Note the dichotomous nature of each affective disposition characteristic with
respect to productivity.
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Table 3.1 Affective Disposition Characteristic Definitions
Affective
Characteristic
Productive Definition
Nature
A belief that mathematics is
conceptual and procedural, logical,
precise, beautiful, intellectually
challenging, creative, both concrete
and abstract, and/or the study of the
infinite.
Worthwhileness A value judgment that time and/or
effort spent engaging in mathematics
has an intrinsic and/or extrinsic
payoff leading to increased interest in
mathematics.
Usefulness
A belief about the contribution of
mathematics for meeting current or
future needs, performances, and/or
successes. It could also include the
acknowledgment that mathematics is
practical, plays a central role in
modern culture, and has a broad
range of applications.
Sensibleness
A belief that mathematics is
reasonable, understandable,
meaningful, and/or connected.
Self-Concept
One’s subjective feelings, ideas,
and/or self-perception as a confident
learner/user/knower of mathematics,
as well as the ease or comfort one
experiences with mathematics.
Attitude
A favorable state of mind/view
and/or a positive feeling influencing
an emotional reaction toward an
investment in mathematics.
Anxiety
Experiencing a pleasant, welcoming,
calming, and/or relieving
psychological and/or physiological
reaction resulting from engagement
in mathematics.

Nonproductive Definition
A belief that mathematics is
exclusively procedural, irrational,
chaotic, dull, intellectually boring,
mundane, and/or only concrete or
only abstract.
A value judgment that time and/or
effort spent engaging in mathematics
has an intrinsic and/or extrinsic
penalty leading to decreased interest
in mathematics.
A belief about the detraction of
mathematics for meeting current or
future needs, performances, and/or
successes. It could also include the
perception that mathematics is
impractical, does not play a central
role in modern culture, and has few
applications.
A belief that mathematics is
unreasonable, confusing,
meaningless, and/or disconnected.
One’s subjective feelings, ideas,
and/or self-perception as an insecure
learner/user/knower of mathematics
as well as the difficulty or discomfort
one experiences with mathematics.
An unfavorable state of mind/view
and/or a negative feeling influencing
an emotional reaction toward a
divestment in mathematics.
Experiencing an unpleasant,
threatening, stressful, and/or
apprehensive psychological and/or
physiological reaction resulting from
engagement in mathematics.

Coding each metaphor response in this manner involved what Miles and Huberman (1994) refer
to as a “start list” that was conceived prior to data collection (p. 58). This data analysis procedure
followed the four-step process outlined by Crabtree and Miller (1998): “(a) creating a code
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manual or coding scheme, (b) hand or computer coding text, (c) sorting segments to get all
similar text into one place, and (d) reading the segments and making connections that are
subsequently corroborated and legitimized” (p. 166). All transcribed metaphor responses were
uploaded into NVivo 10 software and coded using the start list in Table 3.2, which was inspired
by Beyers (2011a, 2011b) and developed through the metaphor pilot studies.
Table 3.2 Metaphor Response Coding Start List
Productive Nature
Code Description
P1A
Conceptual and procedural
P1B
Logical
P1C
Precise
P1D
Beautiful
P1E
Intellectually challenging
P1F
Creative
P1G
Abstract and concrete
P1H
Infinite
Productive Worthwhileness
Code Description
P2A
Time has intrinsic payoff
P2B
Time has extrinsic payoff
P2C
Effort has intrinsic payoff
P2D
Effort has extrinsic payoff
Productive Usefulness
Code Description
P3A
Contribution to current needs
P3B
Contribution to current performance
P3C
Contribution to current successes
P3D
Contribution to future needs
P3E
Contribution to future performance
P3F
Contribution to future successes
P3G
Central role in modern culture
P3H
Broad range of applications
Productive Sensibleness
Code Description
P4A
Reasonable
P4B
Understandable
P4C
Meaningful
P4D
Connected
Productive Self-Concept
Code Description
P5A
Feelings as a confident learner

Nonproductive Nature
Code Description
N1A Only procedural
N1B Irrational
N1C Chaotic
N1D Dull
N1E Intellectually boring
N1F Mundane
N1G Only abstract or concrete
Nonproductive Worthwhileness
Code Description
N2A Time has intrinsic penalty
N2B Time has extrinsic penalty
N2C Effort has intrinsic penalty
N2D Effort has extrinsic penalty
Nonproductive Usefulness
Code Description
N3A Detraction from current needs
N3B Detraction from current performance
N3C Detraction from current successes
N3D Detraction from future needs
N3E Detraction from future performance
N3F Detraction from future successes
N3G No role in modern culture
N3H Narrow range of applications
Nonproductive Sensibleness
Code Description
N4A Unreasonable
N4B Confusing
N4C Meaningless
N4D Disconnected
Nonproductive Self-Concept
Code Description
N5A Feelings as an insecure learner
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Table 3.2 Metaphor Response Coding Start List
P5B
Feelings as a confident user
P5C
Feelings as a confident knower
P5D
Ideas as a confident learner
P5E
Ideas as a confident user
P5F
Ideas as a confident knower
P5G
Self-perception as a confident learner
P5H
Self-perception as a confident user
P5I
Self-perception as a confident
knower
P5J
Ease that one experiences
P5K
Comfort that one experiences
Productive Attitude
Code Description
P6A
Favorable state of mind
P6B
Favorable view
P6C
Positive feeling
Productive Anxiety
Code Description
P7A
Pleasant psychological reaction
P7B
Welcoming psychological reaction
P7C
Calming psychological reaction
P7D
Relieving psychological reaction
P7E
Pleasant physiological reaction
P7F
Welcoming physiological reaction
P7G
Calming physiological reaction
P7H
Relieving physiological reaction

N5B
N5C
N5D
N5E
N5F
N5G
N5H
N5I

Feelings as an insecure user
Feelings as an insecure knower
Ideas as an insecure learner
Ideas as an insecure user
Ideas as an insecure knower
Self-perception as an insecure learner
Self-perception as an insecure user
Self-perception as an insecure knower

N5J Difficulty that one experiences
N5K Discomfort that one experiences
Nonproductive Attitude
Code Description
N6A Unfavorable state of mind
N6B Unfavorable view
N6C Negative feeling
Nonproductive Anxiety
Code Description
N7A Unpleasant psychological reaction
N7B Threatening psychological reaction
N7C Stressful psychological reaction
N7D Apprehensive psychological reaction
N7E Unpleasant physiological reaction
N7F Threatening physiological reaction
N7G Stressful physiological reaction
N7H Apprehensive physiological reaction

After all of the metaphor responses were coded using the start list above, frequency
counts were recorded for affective characteristics as well as productive and nonproductive codes.
This follows Crabtree and Miller‟s (1999) assertion that “some researchers use counts of codes
as a sorting approach . . . as a means of identifying key areas that form the basis of the analysis”
(p. 169). Tashakkori and Teddlie (1998) define the mixed analytic technique of “quantizing”
numeric qualitative analysis for the purpose of conducting quantitative nonparametric statistical
analysis. Fielding (2008) describes this advantage of transforming data afforded to researchers as
giving the data increased “analytic density” (p. 41). The proportion of productive and
nonproductive codes on the Pre-Questionnaires was used as a baseline, which was used to
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determine the expected proportion on the Post-Questionnaires. Chi-square statistics were
calculated for the entire sample, each section, and each participant. If the chi-square statistic was
statistically significant, then the participant was categorized as having either an improving or
declining affective disposition toward mathematics, depending on whether the observed
proportion was more or less productive than the expected. If the chi-square statistic was not
statistically significant, then the participant was categorized as having an enduring affective
disposition toward mathematics. If there were more productive than nonproductive codes on the
Post-Questionnaires, then the participant was categorized as having a productive affective
disposition toward mathematics. Otherwise, the participant was categorized as having a
nonproductive affective disposition toward mathematics. A two by three matrix was developed
to categorize all participants: productive-nonproductive by improving-enduring-declining. This
data analysis procedure helped to answer research question #2.
The distribution of affective characteristics were recorded and summed for the entire
sample. The Pre-Questionnaire distribution of productive affective characteristics and
nonproductive characteristics were used as baselines for the expected distribution of affective
characteristics on the Post-Questionnaires. Chi-square statistics were calculated for both
productive affective characteristics and nonproductive affective characteristics. Standard
residuals were calculated to determine which particular affective characteristics were
contributing to any statistically significant change in distribution. This data analysis procedure
helped to answer research questions #3a and #3b.
It was at this point that the results of the analysis showed that the section to which each
participant was assigned was not associated with a difference in affective disposition toward
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mathematics. Therefore, the embedded case study design was abandoned and the concurrent
collection sequential analysis mixed methods design was adopted.
Phase Two: Analyzing Interviews for Affective Disposition
Based on the metaphor analysis in phase one, four of the ten interviews were selected for
phase two of data analysis. All ten interviewees were categorized in a specific location in the two
by three matrix of productive-nonproductive by improving-enduring-declining disposition based
on the metaphor analysis. Each of the ten was located in four of the possible six positions in the
two by three matrix: enduring-productive, enduring-nonproductive, declining-but-productive,
and declining-and-nonproductive. One representative was selected from each of the four
positions based on p-value of the metaphor analysis. Those in the enduring locations were
chosen whose p-values were furthest from zero and those in the declining locations were chosen
whose p-values were closest to zero. This procedure of quantitizing qualitative data to calculate
chi-square statistics for the expressed purpose of selecting participants for the next phase of the
research study was pioneered by Crone and Teddlie (1995) in their study of teacher behavior in
schools with differing levels of effectiveness. Phase two examined two specific portions of the
interview: direct inquiry into the participant‟s perceptions of their affective characteristics and
the prompt to further explain selected responses to the metaphor prompts.
Affective Characteristics Portion. The same typological analysis (Goetz & LeCompte,
1984; Hatch, 2002), analytic coding (Richards, 2009), and start list (Miles & Huberman, 1994)
were used to analyze this portion of the interview. Frequency counts were recorded for
productive codes, nonproductive codes, and all the affective characteristics codes. The
proportion of productive and nonproductive codes was compared to the proportion of Pre and
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Post-Questionnaire metaphors. The distribution of affective characteristics in this portion of the
interview was compared to the Post-Questionnaire distribution of affective characteristics.
Metaphor Response Portion. Like the affective characteristics portion of the interview
analysis, the analysis of metaphor response portion of the interview followed the identical data
analysis procedure. Typological analysis, analytic coding, and the same start list were used to
determine the proportion of productive and nonproductive codes as well as the distribution of
affective characteristics. Again, these results were compared to the results of the metaphor
analysis.
Phase Three: Narrative Analysis of Interviews. In this phase of data analysis, the
entire corpuses of the interview transcripts were combed for narrative excerpts. These excerpts
included what Lieblich, Tuval-Mashiach, and Zilber (1998) refer to as “discrete episodes” and
“generalized accounts.” Discrete episodes are specific, detailed accounts of a defined time-bound
experience. Generalized accounts are less detailed and could incorporate more than one
experience to give a broader perspective for a much less rigidly defined timespan. The authors
note a debate in the narrative inquiry field about whether or not to treat these two kinds of
excerpts similarly or to give preference to one or the other as providing more authentic data. This
debate stems from Labov and Waletzky‟s (1967) study that introduced a very systematic and
rigid approach to identifying and analyzing narratives. They limited their analysis to discrete
episodes told with an equally rigid structure and pattern. It was Labov (1972) himself who first
reported criticism of this approach as he attempted to replicate it while conducting research with
a population that did not conform to the rigid structure of narrative that Labov and Waletzky
(1967) had defined. He found that by requiring such a rigid structure, he was eliminating a high
volume of rich data. Therefore, he shifted focus away from the structure of the narrative and
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toward, what he termed the “so what?” question that the narrator was attempting to address
through narrative expression. Locating the answer to this question within the narrative is
equivalent to what Labov and Waletzky (1967) defined as the evaluative statement. Since Labov
(1972) noted that these evaluation statements were not necessarily located within the earlier
defined rigid structure of a narrative and could be found in various forms throughout a narrative
account, it left a space for scholars to debate whether or not discrete episodes or generalized
accounts were more or less authentic places to search for and identify evaluative statements.
Patterson (2008) outlines the limitations of focusing solely on discrete episodes at the expense of
generalized accounts, but does not definitively endorse one, the other, or both. This study
acknowledged both types of narrative excerpts to take full advantage of the data set and not
arbitrarily exclude pieces of data that might hold significant meaning.
If there is one aspect of narrative analysis that narrative inquiry scholars agree, it is the
powerful connection that narratives have to the narrator. This holds the potential to be an
advantageous approach for the researcher, because as Squire, Andrews, and Tamboukou (2008)
expound, narratives provide multi-layered and contradictory meanings that allow researchers to
understand more about the individuals with whom they are conducting research. Riessman
(1993) similarly views narratives as a method for narrators‟ to “claim identities and construct
lives” (p. 2). While these two constructs are extraordinarily complex in nature, Webster and
Mertova (2007) endorse narrative inquiry as an appropriate means for investigating the
complexity inherent in how one perceives life as well as her or himself. In this vein, Frank
(2012) insists that narratives are mere “dialogues of imaginations” shedding light into how the
narrator shapes the view of her or himself as well as the world around them. Furthermore,
Lieblich, Tuval-Mashiach, and Zilber (1998) insist narratives are “one of the clearest channels or
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learning about the inner world” (p. 7) of the narrator. Andrews (2012) claims narratives are wellsuited for “accessing inner truths, those ideas, beliefs, and commitments which an individual
holds dear” (p. 34).
Accessing these inner truths was exceptionally advantageous for answering research
questions #2, #3a, and #3b. As Martins (2012) explains, telling narratives additionally hold the
potential to keep alive the narrator‟s “desires and fears” as well as link “reason to emotion” (p.
86). Specifically targeting pre-service elementary teachers‟ affective dispositions toward
mathematics, Holstein and Gubrium (2012) hold that narratives have the power to allow the
narrator to express their “emotions, attitudes, beliefs, and interpretations” (p. 6). Ochs and Capps
(1996) provide justification for narrative analysis specifically for research questions #3a and #3b
when attempting to address if and how affective dispositions change over time. They claim
narratives “evoke shifting and enduring perspectives on experience” (p. 20). Wells (2011)
provides another helpful justification for narrative analysis, in that case study design is bestsuited for narrative analysis.
Using a modified strategy from Labov (1972), the researcher identified all discrete
episodes and generalized accounts with respect to mathematics in all participant interviews.
These narrative excerpts may have occurred at any time during the interview process, whether it
was when the participants were asked to describe their most memorable mathematics
experience(s), describing their perception of their own affective characteristics, or when they
were explaining metaphor responses they had written earlier in the semester. After these excerpts
were identified, they were further analyzed when the researcher selected all the evaluative
statements present in the narratives.
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Once the evaluative statements had been selected, the researcher engaged in a modified
version of what Lieblich, Tuval-Mashiach, and Zilber (1998) refer to as “categorical-form
analysis” (p. 156). In doing so, the researcher focused attention on the linguistic features of the
evaluative statements that would tease out specific affective characteristics. One linguistic
feature included verb tense (past, present, or future). This gave insight into whether the affective
characteristic linked to the evaluative statement was central to the participant‟s past, present,
and/or future identity(ies). Another linguistic feature was the presence “intensifiers” (Lieblich,
Tuval-Mashiach, & Zilber, 1998; Patterson, 2008). This included participants using words such
as really, very, maybe, like, or a repetition of a particular word or phrase in evaluative
statements. Combined with the verb tense, this linguistic feature helped to shed light on more
complex or subtle changes in affective disposition characteristics as well as indicate the relative
strength of a particular characteristic.
Synthesizing Three Phases for Each Case
After conducting all three phases of data analysis, the results of all three were compared
side-by-side for each of the four individual cases. Both consistencies and discrepancies were
observed and investigated in an attempt to explain the bigger picture for each case with respect to
their dynamic and/or enduring affective disposition toward mathematics. Repetitions and
divergences across cases were also explored in an attempt to identify salient results that would be
most or least likely transferable to other contexts and which results might be the most
informative for practice.
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CHAPTER 4: RESULTS
This chapter presents the three-phase sequential analysis of the data collected in this
dissertation study. It will begin with the analysis of the metaphor responses, followed by a brief
discussion on how these results determined the next phase of data analysis. It will continue with
second phase of data analysis, which was the disposition analysis of two distinct portions of the
semi-structured interviews. After a brief discussion on how the resulting analysis impacted the
third phase of data analysis, the results of the holistic narrative analysis of the semi-structured
interviews will be presented.
Phase One: Metaphor Analysis
As discussed in Chapter 3, the open-ended metaphor questionnaires were coded using
NVivo 10 software and the Metaphor Response Coding List that can be found in Table 3.2. Each
metaphor response was coded bi-dimensionally for productivity (productive or nonproductive)
and affective characteristic(s) (nature, worthwhileness, usefulness, sensibleness, self-concept,
attitude, and/or anxiety). After the metaphor responses were coded, frequency counts were
exported to Microsoft Excel for chi-square analysis.
Computing chi-square statistics was most appropriate for this particular data set due to
the categorical nature of data (bi-dimensional productive or nonproductive) and the nature of the
research question, attempting to determine if responses at the end of the semester would be
statistically similar or different from the responses at the beginning. The chi-square goodness-offit test addresses this issue by using the pre-questionnaire response proportion (productive and
nonproductive) as a theoretically expected proportion for the post-questionnaire responses
(Hinkle, Wiersma, & Jurs, 2003).
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Productivity Comparison: Pre and Post-Questionnaire Responses
Frequency counts of productive and nonproductive codes were tabulated in NVivo and
exported to Excel. A chi-square statistic was calculated for the goodness-of-fit test for
productivity. The pre-questionnaire proportion of productive and nonproductive codes was used
as a baseline to determine the expected proportion on the post-questionnaire. Results for the
entire sample‟s (N = 104) responses (N = 4104) are summarized in Table 4.1. The statistical
results, χ2 (1, N = 4104) = 4.28, p < .05, indicate the proportion of productive and nonproductive
responses on the post-questionnaire was statistically different from the pre-questionnaire. It
appears that the metaphor responses produced by the participants on the post-questionnaire were
more reflective of a productive disposition than was expected. Based on the metaphor analysis, it
was determined the post-questionnaire responses were indicative of an improving productive
affective disposition toward mathematics. The statistically significant chi-square statistic shows
an increase and the higher proportion of productive to nonproductive responses represents a
productive affective disposition toward mathematics.
Table 4.1 Comparison of Productivity Proportion of Metaphor Responses on Pre and PostQuestionnaires
Post-Questionnaire Metaphor Responses
Entire Sample (N = 104)
Productive
Nonproductive
Observed Frequency (Proportion)
2547 (.621)
1557 (.379)
Expected Frequency (Proportion)
2482.23 (.605)
1621.77 (.395)
2
Note. χ = 4.28*, df = 1.
*p < .05
Section Analysis
The researcher anticipated the section to which each participant was assigned would
potentially have an impact on affective disposition. Chi-square statistics were calculated in a
similar manner for the goodness-of-fit test for productivity in each section. The intent was to
determine which sections showed different results. The results are summarized in Table 4.2. The
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statistical results for Section 1, χ2 (1, N = 376) = 2.41, p > .05, Section 2, χ2 (1, N = 725) = 2.98, p
> .05, and Section 3, χ2 (1, N = 703) = 2.83, p > .05, indicate that the proportions of productive
and nonproductive responses on the post-questionnaire were not statistically different from the
pre-questionnaire. Meanwhile, the statistical results for Section 4, χ2 (1, N = 1308) = 12.59, p <
.05, and Section 5, χ2 (1, N = 992) = 5.57, p < .05 indicate that the proportions of productive and
nonproductive responses on the post-questionnaire were statistically different from the prequestionnaire. Using the same criteria for classifying the entire sample, the metaphor analysis
showed that metaphor responses in Sections 1, 2, and 3 were indicative of an enduring
productive affective disposition toward mathematics; metaphor responses in Section 4 were
indicative of an improving productive affective disposition toward mathematics, and responses in
Section 5 were indicative of a declining-but-productive disposition toward mathematics.
Table 4.2 Comparison of Productivity Proportion of Metaphor Responses on Pre and PostQuestionnaires for each Section
Post-Questionnaire Metaphor Responses
Section 1 (n = 14)
Productive
Nonproductive
Observed Frequency (Proportion)
201 (.535)
175 (.465)
Expected Frequency (Proportion)
185.95 (.495)
190.05 (.505)
Section 2 (n = 21)
Observed Frequency (Proportion)
473 (.652)
252 (.348)
Expected Frequency (Proportion)
450.45 (.621)
274.55 (.379)
Section 3 (n = 21)
Observed Frequency (Proportion)
406 (.578)
297 (.422)
Expected Frequency (Proportion)
427.77 (.608)
275.23(.392)
Section 4 (n = 28)
Observed Frequency (Proportion)
791 (.605)
517 (.395)
Expected Frequency (Proportion)
727.24 (.556)
580.76 (.444)
Section 5 (n = 20)
Observed Frequency (Proportion)
676 (.681)
316 (.319)
Expected Frequency (Proportion)
709.54 (.715)
282.46 (.285)
2
2
2
Note. Section 1, χ = 2.41, Section 2, χ = 2.98, Section 3, χ = 2.83, Section 4, χ2 = 12.59**, and
Section 5, χ2 = 5.57*; df = 1.
*p < .05, **p < .001
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Reviewing the results of each section, it would appear as though there are some
differences among the different sections, especially with respect to Sections 4 and 5. To verify
this assumption, the chi-square statistics were transformed and standardized for comparison.
Each chi-square was converted to a Pearson contingency coefficient (Liebetrau, 1983), which
was then calculated using the Fisher z transformation for statistical comparison among the
sections (Hinkle, Wiersma, & Jurs, 2003). The reason for completing this task was to ensure the
results could be statistically compared. The chi-square statistic, in this case, is a measurement of
expectation to a given model. Converting it to a Pearson contingency coefficient changes the
nature of the statistic from one of expectation to one of association (Liebertrau, 1983). The
Fisher z transformation standardizes the Pearson contingency coefficient of association for
means of comparing the strength of associations (Hinkle, Wiersma, & Jurs, 2003).
When the chi-square statistics were standardized for comparison, none of the differences
between the sections were statistically significant at the α = .05 level (z = 0.25, p > .05; z = 0.26,
p > .05; z = -0.31, p > .05; z = 0.08, p > .05; z = 0.01, p > .05; z = -0.73, p > .05; z = -0.74, p >
.05; z = -0.23, p > .05; z = 0.55, p > .05). The results are presented below in Table 4.3. These
results indicate there was no statistical difference among the chi-square statistics for each
section, thereby excluding section assignment as a contributing factor to change in affective
disposition toward mathematics. It was at this point the embedded case study design was no
longer appropriate for answering the research questions pertaining to what may have contributed
affective disposition toward mathematics during the semester and was thusly abandoned.
Table 4.3 Change in Productivity Comparisons among Sections
Z
Groups
N
Section 1 Section 2 Section 3 Section 4
Section 1 376
0.25
0.26
-0.31
Section 2 725
-0.25
0.01
-0.73
Section 3 703
-0.26
-0.01
-0.74
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Section 5
0.08
-0.22
-0.23

Table 4.3 Change in Productivity Comparisons among Sections
Z
Groups
N
Section 1 Section 2 Section 3 Section 4 Section 5
Section 4 1308
0.31
0.73
0.74
0.55
Section 5 992
-0.08
0.22
0.23
-0.55
Note. n indicates the number of total responses on the post-questionnaire.
*p < .05
Metaphor Analysis of Interview Participants
Since section assignment was not a statistically significant contributor to affective
dispositional change, a different method for selecting interviews to analyze became necessary.
The coded metaphor responses were extracted from the ten interview participants. Based on their
pre-questionnaire productivity ratio, chi-square statistics were calculated using the goodness-offit test on the post-questionnaire productivity ratio. The results from these ten participants are
presented in Table 4.4. Of the ten, only two expressed a statistically significant different
productivity proportion on the post-questionnaire from the pre-questionnaire: EPS-F13-028, χ2
(1, n = 45) = 19.10, p < .001 and EPS-F13-072, χ2 (1, n = 29) = 4.97, p < .05. The remaining
eight participants did not express a statistical difference in productivity proportion from the prequestionnaire to the post-questionnaire.
Table 4.4 Comparison of Productivity Proportion of Metaphor Responses on Pre and PostQuestionnaires
Post-Questionnaire Metaphor Responses
Productive
Nonproductive
EPS-F13-019
Observed (Proportion)
6 (.107)
50 (.893)
Expected (Proportion)
6.31 (.113)
49.69 (.887)
EPS-F13-028
Observed (Proportion)
24 (.533)
21 (.467)
Expected (Proportion)
35.82 (.796)
9.18 (.204)
EPS-F13-044
Observed (Proportion)
27 (.571)
15 (.357)
Expected (Proportion)
32.00 (.762)
10.00 (.238)
EPS-F13-060
Observed (Proportion)
32 (.727)
12 (.272)
Expected (Proportion)
31.43 (.714)
12.57 (.286)
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Table 4.4 Comparison of Productivity Proportion of Metaphor Responses on Pre and PostQuestionnaires
Post-Questionnaire Metaphor Responses
Productive
Nonproductive
EPS-F13-072
Observed (Proportion)
8 (.276)
21 (.724)
Expected (Proportion)
14.00 (.483)
15.00 (.517)
EPS-F13-101
Observed (Proportion)
12 (.272)
32 (.727)
Expected (Proportion)
8.80 (.200)
35.20 (.800)
EPS-F13-107
Observed (Proportion)
39 (.639)
22 (.361)
Expected (Proportion)
38.24 (.627)
22.76 (.373)
EPS-F13-111
Observed (Proportion)
50 (.820)
11 (.180)
Expected (Proportion)
50.39 (.826)
10.61 (.174)
EPS-F13-122
Observed (Proportion)
28 (.700)
12 (.300)
Expected (Proportion)
31.64 (.791)
8.36 (.209)
EPS-F13-128
Observed (Proportion)
31 (.795)
8 (.205)
Expected (Proportion)
32.07 (.822)
6.93 (.178)
Note. EPS-F13-019, χ2 = 0.02, EPS-F13-028, χ2 = 19.10**, EPS-F13-044, χ2 = 3.28, EPS-F13060, χ2 = 0.04, EPS-F13-072, χ2 = 4.97*, EPS-F13-101, χ2 = 1.45, EPS-F13-107, χ2 = 0.04, EPSF13-111, χ2 = 0.02, EPS-F13-122, χ2 = 2.01, EPS-F13-128, χ2 = 0.20.
*p < .05
**p < .001
The participants were categorized, based on these results, into a 2 x 3 matrix, which is
replicated in Table 4.5. If the participant expressed more productive than nonproductive
responses on the post-questionnaire, then they were categorized as having an overall productive
disposition. If not, then they were categorized as having an overall nonproductive disposition. If
the chi-square statistic was not statistically significant, then the participants were categorized as
enduring. But if the chi-square statistic was statistically significant, then the participant was
categorized as improving or declining, depending on if the participant expressed greater or fewer
productive responses than were expected. This distribution was compared to the entire sample to
ensure that the distribution of interview participants were statistically equivalent. These results
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are also captured in Table 4.5. The statistical results, χ2 (5, n = 10) = 2.39, p > .75, indicate that
the distribution of change in interview participants‟ metaphor responses is not statistically
different from, and therefore equivalent to, the distribution of the entire sample.
Table 4.5 Distribution of Interview Participants, Productivity by
Change in Metaphor Responses on Pre and Post-Questionnaires
Productivity
Change
Productive Nonproductive
Improving
Observed (Proportion)
0 (.000)
0 (.000)
Expected (Proportion)
1.25 (.125)
0.48 (.048)
Enduring
Observed (Proportion)
6 (.600)
2 (.200)
Expected (Proportion)
5.58 (.558)
1.44 (.144)
Declining
Observed (Proportion)
1 (.100)
1 (.100)
Expected (Proportion)
0.58 (.058)
0.67 (.067)
Note. χ2 = 2.45, p > .75
Selection of Interviews for Phase Two
One participant‟s interview from each of the four represented cells in the matrix was
chosen for the next phase of analysis. One participant was categorized as having an enduringproductive (EPS-F13-111, χ2 = 0.02, p = 0.89), enduring-nonproductive (EPS-F13-019, χ2 =
0.02, p= 0.89), declining-but-productive (EPS-F13-028, χ2 = 19.10, p = 0.00001), and decliningand-nonproductive (EPS-F13-072, χ2 = 4.97, p = 0.03) affective disposition toward mathematics.
These participants were selected based on the relative p-value of their chi-square statistics. The
two participants who expressed enduring dispositions whose p-values were closest to one were
selected and the two participants who expressed declining dispositions whose p-values were
closest to zero were selected.
Metaphor Analysis of the Four Cases
Figures 4.1, 4.2, 4.3, and 4.4 illustrate a detailed breakdown of the participants‟ coded
metaphor responses compared to the overall sample for both the pre and post-questionnaires.
These figures show not only the proportion of productive and nonproductive responses, but the
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proportion of responses that were coded for each of the seven affective characteristics of
disposition toward mathematics: anxiety, attitude, nature, self-concept, sensibleness, usefulness,
and worthwhileness. The purpose of making the comparisons among the pre and postquestionnaires for each participant and the overall sample of 104 was two-fold: an attempt to
observe any differences and/or similarities in the nature of the participants‟ reported dispositions
from the beginning to the end of the semester and to observe any differences and/or similarities
between the participants‟ reported dispositions and the overall sample‟s reported dispositions
that might indicate typical or unique characteristics of each participant for further investigation
in the subsequent data analyses. All names used in the following descriptions are pseudonyms.
Cassandra. Cassandra (EPS-F13-019) identified herself as Hispanic and Mexican
American, female, and an English dominant bilingual. She was born and attended elementary
and secondary school in the same city where the university she attends is located. After
completing high school, she moved to another city and attended a different university for two
years, then returned and changed her major to become a teacher.
Cassandra‟s metaphor responses were categorized as representing an enduringnonproductive affective disposition toward mathematics. It is clear from examining Figure 4.1
that the nonproductive responses on the pre and post-questionnaire were more prevalent than the
productive responses. It is also notable that the specific nonproductive characteristics of anxiety
and self-concept appeared to be slightly more prevalent on the post-questionnaire than the prequestionnaire. In relation to the overall sample, these two nonproductive characteristics were also
overrepresented in Cassandra‟s responses on the pre and post-questionnaires.
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Figure 4.1. Cassandra’s Pre and post-questionnaire affective characteristics vs. overall sample.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor
responses for Cassandra and the overall sample on the pre and the post-questionnaire.
What follows are examples of these two nonproductive affective characteristics that were
coded in the metaphor responses from Cassandra. The first is from the pre-questionnaire
metaphor prompt, “If learning mathematics were a journey.” The participant‟s written response
is represented in italicized text:
If learning mathematics were a journey, it would be a never ending journey. No matter
how hard I try math doesn‟t stick. I will probably never learn it so it would be neverending.
The phrase I will probably never learn it is a clear indication of the nonproductive selfconcept affective characteristic. Specifically, it is an indication of this participant‟s insecurity as
a learner of mathematics. The nonproductive self-concept affective characteristic is also
51

prevalent in this participant‟s post-questionnaire responses as well. In response to the metaphor
prompt, “If mathematics were the weather,” Cassandra wrote:
If mathematics were the weather, it would be foggy. No matter how bright my flashlight
is (how smart I am) I cannot see through the fog (understand math).
Again, the phrase I cannot see through the fog (understand math) is a clear indication of
the nonproductive self-concept characteristic. This time, instead of representing an insecure
learner, this response is indicative of an insecure knower of mathematics.
Similarly, the nonproductive affective characteristic of anxiety was also present in both
the pre and post-questionnaire metaphor responses. In the pre-questionnaire, Cassandra wrote:
If mathematics were the weather, it would be a chance of thunderstorms and lightning. It
is scary and threatening like claps of thunder. It roars and I take cover under the sheets
and hide. The lightning is hazardous and it endangers my grade.
Aside from being remarkably vivid, this response is loaded with language indicating
threats, danger, and fear. Similar imagery is present in the post-questionnaire responses as well.
For example:
Mathematics is like a hungry bear chasing me. I always feel exhausted with math but it‟s
a must to face it . . . But I always run out of fear. If I give up it consumes me.
Here, the threat of being consumed, the avoidance caused by fear, and the exhaustion
associated with mathematics are all indications of the nonproductive anxiety characteristic. The
next phases of data analyses will include specific focus on these two nonproductive affective
characteristics for this particular participant.
Araceli. Areceli (EPS-F13-028) identified herself as Hispanic and Mexican American,
female, and an English dominant bilingual. She attended elementary school in another state
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along the U.S.-Mexico border through the second grade. Then, she moved to Mexico for third
grade and attended school in Mexico until high school. At that point, she moved back to the
United States and attended high school in the same city where the university she attends is
located.
Her metaphor responses were categorized as indicative of a participant with a decliningbut-productive affective disposition toward mathematics. As can be seen in Figure 4.2, Araceli‟s
responses on both the pre and post-questionnaire were coded proportionally more productive
than nonproductive. However, it is evident that the nonproductive responses increased on the
post-questionnaire from the pre-questionnaire. Also notable is the complete disappearance of the
self-concept characteristic on the post-questionnaire. Another notable characteristic is the
responses this participant reported on the pre-questionnaire were similarly distributed compared
to the overall sample, albeit with a higher proportion of productive responses. However, the
distribution of responses on the post-questionnaire looks different from the overall sample.
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Figure 4.2. Araceli’s Pre and post-questionnaire affective characteristics vs. overall sample.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor
responses for Araceli and the overall sample on the pre and the post-questionnaire.
Investigating the metaphor responses, there are some clear examples of how the
responses change from the beginning of the semester to the end of the semester. In response to
the same prompt on both questionnaires, this is how Araceli responded:
If mathematics were an animal, it would be a lion. Feared by many, but admired. Many
admire mathematics, because it is complex. If you are good in math, you are envied.
If mathematics were an animal it would be, cat. Because they are cute and fun, however
most people hate them. You need a certain personality to like cats. You need a certain
personality to like math.
The phrase If you are good in math, you are envied in the pre-questionnaire response is
indicative of a productive self-concept affective characteristic. This phrase was interpreted to
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represent a confident user of mathematics. However, there is a shift in the post-questionnaire
response. The phrase most people hate it is indicative of a nonproductive attitude. Referring back
to Figure 4.2, coded productive self-concept responses decreased while nonproductive attitude
responses increased from pre to post-questionnaire.
Below is another comparison between two identical prompts on the pre and postquestionnaire that illustrates a dynamic disposition over the course of the semester:
If mathematics were a plant, it would be a cactus. Not many can appreciate its beauty.
Math is not aesthetically pleasing but just as a cactus gets all the rain, Math requires all
of our intelligence. We can‟t create an algorithm with little to none cognitive effort.
If mathematics were a plant, it would be Pino/Pine tree. Because they are pretty always
green however they are annoying because they throw a lot of trash. Same way math is
annoying when you show your work.
Two phrases in these responses Math requires all of our intelligence and math is
annoying are indicative of two different affective characteristics. The former is indicative of
productive nature. More specifically, it represents a belief that mathematics is intellectually
challenging. The latter represents a nonproductive attitude toward mathematics, specifically that
it is annoying. Again, this apparent dynamic nature of this participant‟s affective disposition
toward mathematics will be the focus of subsequent data analyses.
Santiago. Santiago (EPS-F13-072) identified himself as Hispanic and Latino, male, and a
Spanish dominant bilingual. He was born in and attended elementary and secondary school in the
same city where he attends university. After high school, he attended community college. Upon
completion of study at community college, he began at the university.
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His metaphor responses in the pre-questionnaire and the post-questionnaire were
indicative of a declining-and-nonproductive affective disposition toward mathematics. As Figure
4.3 indicates, the responses given by Santiago were proportionally more nonproductive than
productive on both the pre-questionnaire and the post-questionnaire. However, the postquestionnaire responses were more nonproductive as can be seen by the noticeable reduction in
productive sensibleness responses and the relative increase in nonproductive anxiety and selfconcept responses. Despite this pattern, it is interesting to note while the nonproductive anxiety
and self-concept responses were more representative of this participant‟s responses with respect
to the rest of the sample, this participant also expressed more productive worthwhileness
responses than the rest of the sample and the proportion was relatively stable from prequestionnaire to post-questionnaire.
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Figure 4.3. Santiago’s Pre and post-questionnaire affective characteristics vs. overall sample.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor
responses for Santiago and the overall sample on the pre and the post-questionnaire.
Investigating the metaphor responses further, one can readily see the consistency with
respect to the three prevalent affective characteristics: nonproductive anxiety, nonproductive
self-concept, and productive worthwhileness. For example, regarding nonproductive anxiety on
both the pre and post-questionnaires:
If mathematics were the weather, it would be a snowstorm. Since many people are
“afraid” of math the snow storm would be you could say the “scariest” weather situation
to be caught in.
If mathematics were an animal, it would be shark. People fear sharks and some people
also fear math.
The consistency of the use of variants of the concept fear is a clear indication of the
threatening response to mathematics.
Below are examples of nonproductive self-concept responses on first the pre and then the
post-questionnaire:
If learning mathematics was swimming, it would be hard. Since I don‟t know how to
swim.
If teaching mathematics were a science, it would be Physics. To me math is somewhat
difficult, and so is Physics. I see it as the same difficulty level.
In these responses, the I don‟t know how phrase and math is somewhat difficult are indications of
both the difficulty this participant experiences with mathematics as well as the insecurity this
person feels as a knower of math. Both of these are indications of a nonproductive self-concept
affective disposition characteristic toward mathematics.
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Finally, the following examples are indications of a productive worthwhileness affective
characteristic on both questionnaires:
Learning mathematics is like solving a crossword puzzle. It takes time and patience to put
all the pieces together.
If mathematics were a game, it would be Rubik‟s cube. Because the Rubik‟s cube takes
time and patience to solve as well as some math problems do.
The repeated use of time and patience in both of these responses are indicative of the
worthwhileness affective characteristic. However, what makes these responses indicative of a
productive disposition is that the time and patience has a positive payoff, or reward: putting all
the pieces together in the first response and being able to solve math problems in the second. As
in previous cases, these three specific affective characteristics will be the focus of subsequent
data analysis.
A contributing factor to Santiago‟s declining disposition was the reduction of productive
sensibleness responses on the post-questionnaire. For example, in the pre-questionnaire, Santiago
responded to be able to understand math you would need patience and it takes time to fully
comprehend. Acknowledging mathematics can be understood and is comprehensible are
indicative of the productive sensibleness affective characteristic. Interwoven in these responses
are also indications of the productive worthwhileness characteristic, whereby time and patience
are required for understanding. The post-questionnaire responses did not acknowledge the
sensibleness of mathematics, contributing to the declining disposition.
Felicia. Felicia (EPS-F13-111) identified herself as Hispanic, female, and a balanced
Spanish-English bilingual. She was born and attended elementary and secondary school in the
same city she attends university. After high school, she started community college but dropped
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out and returned after a seven year absence. She completed community college and enrolled in
the university to become an elementary teacher.
The coded metaphor responses for Felicia indicated an enduring productive affective
disposition toward mathematics. As indicated in Figure 4.4, the proportion of productive to
nonproductive responses was high in both the pre and post-questionnaires and it appears to be
higher than the entire sample. However, the distribution of those responses among the different
affective characteristics did change slightly from the pre-questionnaire to the post-questionnaire.

Figure 4.4. Felicia’s Pre and post-questionnaire affective characteristics vs. overall sample. Anx:
Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use: Usefulness,
Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor responses for
Felicia and the overall sample on the pre and the post-questionnaire.
Looking specifically at the responses themselves are three examples from the prequestionnaire that are indicative of some of the most prevalent productive affective
characteristics: usefulness, self-concept, sensibleness, and worthwhileness.
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Mathematics is like a part of you. Math is used every day of our life, from the moment we
are born.
If mathematics were the weather, it would be different seasons. Math could be difficult in
some areas but when we understand it, it becomes easier and fun to solve.
Teaching mathematics is like teaching you to bake a cake. You have to follow each step
to understand it. Once you understand it you feel confident.
Productive usefulness is clear in the first response with the language math is used every day of
our life. Productive self-concept can be seen in the second and third responses in the phrases it
becomes easier and you feel confident. These last two responses also are indicative of the
productive sensibleness affective characteristic through the phrases we understand it, follow each
step to understand it, and you understand it. Also included in these responses is the productive
worthwhileness characteristic when the clauses are combined to read, when we understand it, it
becomes easier or fun and once you understand it you feel confident. These are indications of the
time and effort put forth to understanding mathematics results in mathematics becoming easier
or fun and one becoming confident.
The productive characteristics of usefulness, self-concept, and worthwhileness were also
present in the post-questionnaire responses. Also, the productive attitude characteristic was more
prevalent. The three responses below are from the post-questionnaire:
Learning mathematics is like a secret of life. Math is something that can really help
everyone succeed in life. It is sometimes necessary for everyone.
If mathematics were the weather, it would be spring and summer. Spring because when
you understand it you feel confident and at ease. Summer because when you don‟t
understand something you feel very frustrated like when it‟s very hot outside.
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If mathematics were a game, it would be kickball. Anyone can be good at it if they really
put great effort into it, and it can be fun.
Again, the productive usefulness characteristic is evident in the first response through the phrases
help everyone succeed and necessary for everyone. Productive self-concept is clearly presented
in the final two responses with the phrases you feel confident and at ease and anyone can be
good at it. Likewise, the productive worthwhileness is evident in these two responses through the
extended phrases when you understand it, you feel confident and at ease and anyone can be good
at it if they really put great effort into it. The third response closes with the productive attitude
phrase it can be fun. Consistent with the previous cases, these notable affective characteristics
will be one focus of subsequent data analyses.
Phase Two: Analysis of Targeted Interview Portions
This section will describe the second phase of data analysis. This phase consists of two
parts. The first part is the targeted analysis of the interview portion where the participants were
asked directly to explicitly report their affective disposition toward mathematics with respect to
each of the seven individual affective characteristics. The second part is the targeted analysis of
the interview portion where participants were shown a sample of their metaphor responses and
were asked to clarify what the written responses meant to them, elaborate further on their
responses, and/or provide general commentary or feedback on the responses. As in the previous
section, the results will presented for each case.
Part One: Affective Characteristics
The excerpts of the interview transcripts where the participants were asked directly to
report their affective disposition toward mathematics with respect to each affective characteristic
were analyzed similarly to the metaphor responses. The Metaphor Response Coding Start List
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was used with NVivo 10 software to code the interview responses for dispositional productivity
and affective disposition characteristics toward mathematics. The distribution of coded responses
in this interview portion was compared to the distribution of coded metaphor responses. The
rationale for this comparison was to observe any consistencies or inconsistencies in responses
when participants were prompted to respond in different ways.
Cassandra. The contrast between the coded metaphor responses and coded interview
responses for the first portion of the interview is quite striking. Illustrated in Figure 4.5, one can
see this participant reported far more productive responses to the interview questions than the
metaphor prompts. Since this participant‟s metaphor responses were of very similar distributions
on the pre and post-questionnaire (see Figure 4.1), the interview responses were compared to the
post-questionnaire metaphor responses only. While nonproductive anxiety and nonproductive
self-concept remained the most prevalent of the nonproductive responses, the presence of
productive self-concept, sensibleness, and anxiety responses in the interview is notable since
there were no coded responses for these characteristics in the metaphor responses. Also of note
are the productive attitude and productive usefulness coded responses in the interview, which
happened to occur in greater proportion than any of the nonproductive affective characteristics.
A closer examination of the data reflecting the self-concept affective characteristic will be
described in the proceeding paragraphs.
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Figure 4.5. Cassandra’s Post-questionnaire vs. first interview portion of affective characteristics.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded metaphor responses on the
post-questionnaire and the coded interview responses during the portion of the interview that
asked the participant to directly identify their affective disposition toward mathematics for each
affective characteristic.
Taking a closer look at the responses during this portion of the interview, there are
numerous instances where the participant reported a productive self-concept characteristic.
Examples include the participant stating, But now I feel more comfortable with it (mathematics),
I think I can do it (mathematics), It‟s easier, I hope to give that confidence to my future students,
And now it‟s far easier than I imagined possible, And I can actually do math now, and I‟d have a
whole lot more confidence and I think I could figure out how to solve any problem. By contrast,
there were not any instances in the metaphor responses that reflected this affective disposition
characteristic.
Despite these numerous responses reflecting a productive self-concept, there were
instances where this participant also reported a nonproductive self-concept. For example, the
participant stated, It‟s difficult for me, So that adds to why I also suck at math, ‟Cause I just can‟t
do it (math problems), I‟m not very good at it (solving math problems), and It was only by the
grace of God that I passed those (state-mandated mathematics exams). These responses were
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similar to the majority of the responses that this participant reported in the metaphor
questionnaire responses.
Araceli. In contrast to the previous participant, Araceli reported different distributions of
affective characteristics on the pre and post-questionnaires. Therefore, the interview responses
were compared to both the pre and post-questionnaire coded metaphor responses. As is shown in
Figure 4.6, the distribution of the coded interview responses is unique to both the pre and postquestionnaire metaphor responses, which is consistent with the dynamic nature of this
participant‟s disposition that was observed in the previous phase of data analysis. The only
consistency may be the higher proportion of productive responses to nonproductive responses.
Clearly, the high proportion of productive usefulness and productive self-concept are unique
features of the interview portion when compared to the metaphor responses. On the other hand,
the proportion of nonproductive nature responses is consistently the most prevalent
nonproductive characteristic among the coded questionnaire and interview responses. Another
interesting feature is the disappearance of responses indicative of a productive worthwhileness
disposition toward mathematics during the interview.
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Figure 4.6. Araceli’s Pre and post-questionnaire vs. first interview portion of affective
characteristics. Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness,
Use: Usefulness, Worth: Worthwhileness. This figure illustrates the coded metaphor responses
on the post-questionnaire and the coded interview responses during the portion of the interview
that asked the participant to directly identify their affective disposition toward mathematics for
each affective characteristic.
Looking first at the nonproductive nature of mathematics disposition characteristic, this
participant reported her perception of mathematics was exclusively procedural, and not
conceptual. For example, the following extended excerpt helps to illustrate this. Here, the
participant is discussing a revelation during her student teaching that semester:
And I also, as I was teaching, I found myself wanting to drill them (the students). I found
myself wanting to, you know, just tell them how to solve it and then they would ask me,
“Well, why?” And I‟m like, “That‟s just how you do it.” And I had to stop myself . . . And
I was actually very sad, one of the times they were like, “Why?” and I‟m like, “Well,
that‟s just what you do.”
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While it is clear that this participant does not see this disposition as beneficial (I had to
stop myself . . . I was actually very sad), this provides an indication that a belief in the
exclusively procedural nature of mathematics is part of this participant‟s disposition.
This participant also expressed a productive usefulness characteristic throughout this
portion of the interview. Examples of these responses include, I‟ve always acknowledged that
math is very important, it‟s important and we use it, I‟ve learned that you can use math in just
about anything, you‟re always going to use it, so it‟s just everywhere, and Oh, hello! I forgot
[laughing] that math is around us all the time. These types of responses were more prevalent in
the pre than the post-questionnaire, but they were far more common during the interview.
Likewise, this participant also expressed a productive self-concept affective disposition
toward mathematics at various points during this portion of the interview. Variations of the
concept “confidence” are evident in the interview responses. Examples include, So now I‟m
confident, But now, I feel more confident, I can still be successful in math, Just because I don‟t
get it one way doesn‟t mean that I can‟t, I can manipulate numbers using different strategies to
get what I want, and I was confident that I knew what I did. These types of responses were nearly
all but absent from the coded metaphor responses.
Santiago. What is most striking about Santiago‟s responses is how very different they
appear when looking at the post-questionnaire metaphor responses and the interview responses.
From the previous stage of data analysis, it was clear this participant‟s coded metaphor responses
were dominated by nonproductive self-concept and nonproductive anxiety affective
characteristics. There was a redeeming level of productive worthwhileness, but it was
overshadowed by the other two nonproductive characteristics. Contrastingly, the interview
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responses were almost exclusively productive, with productive worthwhileness dominating the
coded interview responses. This is clearly illustrated in Figure 4.7.

Figure 4.7. Santiago’s Post-questionnaire vs. first interview portion of affective characteristics.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded metaphor responses on the
post-questionnaire and the coded interview responses during the portion of the interview that
asked the participant to directly identify their affective disposition toward mathematics for each
affective characteristic.
Beginning with the most dominant feature of this portion of the interview, examples of
responses that were coded as productive worthwhileness are as follows: I mean, if you put time
into it, I would see it as everything being rewarding, nobody has to say anything to you . . . it
makes you feel good inside, if you put your time into it . . . you‟re going to get back what you put
into it, you can understand anything as long as you put effort into it, and, I‟m pretty sure if I
would‟ve put effort into it (Calculus), I probably would have been able to understand it. This
theme of time and effort in mathematics leading to both extrinsic and intrinsic rewards was
repeated in response to many of the interview questions that were directly asking the participant
to report his disposition toward mathematics for each affective characteristic.
In addition, there were other productive disposition characteristics peppered throughout
this participant‟s responses. With respect to usefulness, this participant responded, I see math as
an everyday thing, and, math is everywhere. This participant also referenced a productive self-
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concept by stating, I mean, for myself, I know I can learn it (mathematics). This is noteworthy
because none of the coded metaphor responses on the post-questionnaire reflected a productive
self-concept. In fact, the post-questionnaire metaphor responses were dominated by a
nonproductive self-concept affective characteristic. With respect to sensibleness, this participant
stated, if I‟m being successful at it . . . it makes me feel like I understand it, Finally, this
participant also indicated a productive attitude affective disposition characteristic in this
example, you get a groove going . . . that‟s when you could say I like math. These kinds of
responses were unique to this portion of the interview.
Felicia. When looking at the post-questionnaire metaphor responses and the interview
responses for Felicia, there is a slight variation in the distribution among the affective
characteristics. However, the proportion of productive to nonproductive responses is relatively
similar. As illustrated in Figure 4.8, the productive self-concept affective characteristic is the
most prevalent in both the post-questionnaire metaphor responses and the interview responses.
The productive usefulness characteristic remains prominent in each data set, but nature, attitude,
sensibleness, anxiety, and worthwhileness vary in their proportions, yet all are present.

Figure 4.8. Felicia’s Post-questionnaire vs. first interview portion of affective characteristics.
Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use:
Usefulness, Worth: Worthwhileness. This figure illustrates the coded metaphor responses on the
post-questionnaire and the coded interview responses during the portion of the interview that
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asked the participant to directly identify their affective disposition toward mathematics for each
affective characteristic.
Looking particularly at the most common productive affective characteristics, here are
some examples of this participant‟s responses that were indicative of a productive self-concept
affective characteristic: I feel good with math, it‟s not that hard, it‟s not what they made it seem,
it doesn‟t have to be hard, now I‟m confident, I‟m more confident, I‟m more confident now, and,
it might take me longer, but, you know, I can do it. Responses of this nature, typically that
included variations of the word confidence, were the most prominent in this section of the
interview as well as among the post-questionnaire metaphor responses.
The next most common types of responses in this interview portion were indicative of
productive sensibleness. The majority of these responses included variations of the word
understand. For example, I can understand math, I have the mentality that every problem has a
solution, when I don‟t understand it, I‟m . . . looking for ways of how I can understand it, and,
feel more comfortable at figuring things out, or understanding things. Other responses reflective
of productive sensibleness included use something that will be meaningful and everything has a
solution.
The other common affective disposition characteristic toward mathematics was
usefulness. Examples of these kinds of responses in this portion of the interview included, I think
we use math from the day that we‟re born, throughout our life, we use math, I realized how we
really do use it for everything, and it‟s helpful to know, you need it, and math is something we
use every day.
Part Two: Metaphor Explanations
The excerpts of the interview transcripts where the participants were shown some of their
metaphor responses on both the pre and post-questionnaires and subsequently asked to provide
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further explanation were analyzed similarly to the metaphor responses themselves. The Metaphor
Response Coding Start List was used with NVivo 10 software to code the interview responses
for dispositional productivity and affective disposition characteristics toward mathematics. The
distribution of coded responses in this interview portion was compared to the distribution of
coded metaphor responses. The rationale for this comparison was to observe any consistencies or
inconsistencies in interview responses when participants were prompted explain their metaphor
responses.
Cassandra. As might be expected, when comparing Cassandra‟s coded metaphor
responses to the coded interview responses explaining the metaphors, there were many
similarities. The nonproductive affective disposition characteristics of anxiety and self-concept
reemerged. However, as can be seen in Figure 4.9, there was one apparent discrepancy that was
also present in the previously analyzed portion of the interview. As was the case in the other
portion, Cassandra expresses a higher proportion of productive self-concept coded responses
during this portion of the interview than were coded in the metaphor responses.

Figure 4.9. Cassandra’s Post-questionnaire vs. second interview portion of explanations of
metaphor responses. Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens:
Sensibleness, Use: Usefulness, Worth: Worthwhileness. This figure illustrates the coded
metaphor responses on the post-questionnaire and the coded interview responses during the
portion of the interview that asked the participant to explain the meaning of their metaphor
responses.
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Zooming in on the interview responses that highlight this discrepancy, some of the
phrases and utterances are noteworthy for explicitly rejecting the authenticity of the metaphor
responses she had written previously. For example, after reading a group of metaphor responses
this participant stated, well I disagree . . . if I were to do this again, it wouldn‟t be like that,
which was followed by, I‟d be able to get through it. I‟d be able to do, I think, be pretty great at
it. This is a clear indication of the productive self-concept characteristic, which Cassandra is
explaining is in direct contrast to what was present in the metaphor responses.
In another example, Cassandra was presented with this metaphor response:
Learning mathematics is like learning a new language. It‟s gibberish to me. It‟s difficult,
but practice makes perfect, right?
To which she responded, I disagree with myself here . . . Even though I practiced it all my
life . . . I never felt that I was getting any better. After further elaboration on this response, she
contradicts this statement when she stated, I do think that practice doesn‟t make perfect, but it
makes you better. She then reflected on her use of the “?” at the end of her metaphor response.
She concluded, So this question mark shouldn‟t be there, because it does make you better. So I
totally contradicted myself there.
Another example of this participant rejecting the authenticity of the metaphor responses
was in response to this metaphor:
Teaching mathematics is like cooking with oil. It‟s scary, because once it starts popping,
you can get burned.
She explained the metaphor response this way:
In the back of my head, I‟m always telling myself that I‟m a failure at math. There‟s no
way that it‟s ever going to help me. And I guess, in the end, that‟s what would get me
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burned. My negative thoughts and negative thinking about math led to my downfall in the
subject area. And it‟s very sad to actually read this, „cause this wasn‟t that long ago and
I feel completely different from these point-of-views.
Examining these competing narratives, Cassandra stated that she did not agree with what
she had written previously. However, in the first example, she is claiming a productive selfconcept disposition characteristic, in the second example she is claiming both a nonproductive
and productive worthwhileness disposition characteristic, and in the third she is simply rejecting
the nonproductive self-concept and usefulness affective characteristics in her metaphor responses
without making any particular claim to an alternative affective disposition characteristic. These
moments of resistance during the interview will be examined further in Chapter 5.
Araceli. For this particular case, it was useful to observe the ways the responses vary at
each point in data collection. The distributions of affective characteristics appear different for the
pre-questionnaire, post-questionnaire, first interview portion, and the second interview portion.
Figure 4.10 illustrates the differences and variations. What makes the second interview portion
unique for this participant is the high proportion of responses that were coded as productive
nature, nonproductive self-concept, and nonproductive anxiety.
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Figure 4.10. Araceli’s Pre and post-questionnaires vs. interview portions identifying affective
characteristics and providing explanations of metaphor responses. Anx: Anxiety, Att: Attitude,
Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use: Usefulness, Worth: Worthwhileness.
This figure illustrates the coded metaphor responses on the pre and post-questionnaires as well as
the coded interview responses during the portion of the interview that asked the participant to
identify affective disposition characteristics and explain the meaning of their metaphor
responses.
There are three affective disposition characteristics that dominate this portion of the
interview. They are productive nature, nonproductive anxiety, and nonproductive self-concept.
She explained this metaphor:
Teaching mathematics is like reading a fairytale to a kid. You need to tell them good
always wins and happy endings always happen. Why? Because you need to have children
interested and engaged. However, we know it doesn‟t happen.
Her explanation included an assertion that intentional deception was justified in order to
maintain students’ interest and engagement. Within her explanation, she was adamant that the
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logical structure of mathematics included a conceptual progression from simple and concrete to
complex and abstract, which is a clear indication of a productive affective disposition toward a
belief in the nature of mathematics. This participant injected this theme of logical, conceptual
progression when explaining other metaphor responses as well.
The nonproductive affective characteristics of anxiety and self-concept were found
together in her explanations. What is noteworthy is this participant speaks of these affective
characteristics in terms of other people and her past self. For example, she stated, when you talk
about math, a lot of people put up a wall. She continued they don’t want to solve it (a
mathematics problem) because they think they can’t. She concluded her explanation this way:
So if they had, perhaps, the same experience with me that they were taught just one way
and if they didn’t understand that way, then they thought that they just couldn’t do it. So
when they’re challenged with a math problem, they just automatically shut down.
What is interesting here is that she couples the nonproductive anxiety and self-concept in terms
of others as analogous with her past self. Yet, she also uses the phrase challenged with a math
problem, which is an indication of a productive affective disposition toward the nature of
mathematics being intellectually challenging. Through this explanation, we can see a confluence
of the three most prominent affective characteristics in this portion of the interview.
Santiago. What is notable about this case is the consistency between the postquestionnaire metaphor responses and the expanded metaphor explanations. The most prevalent
affective characteristics in the metaphor responses – nonproductive self-concept, nonproductive
anxiety, and productive worthwhileness – are the exclusive affective disposition characteristics
in this particular interview portion. Figure 4.11 clearly illustrates this phenomenon.
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Figure 4.11. Santiago’s Post-questionnaire vs. second interview portion of explanations of
metaphor responses. Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens:
Sensibleness, Use: Usefulness, Worth: Worthwhileness. This figure illustrates the coded
metaphor responses on the post-questionnaire and the coded interview responses during the
portion of the interview that asked the participant to explain the meaning of their metaphor
responses.
As with the previous participant, the nonproductive anxiety and self-concept disposition
characteristics accompanied one another in this participant‟s explanations. For example, when
asked to explain the metaphor response that proclaims mathematics would be a cactus, he states:
I would kind of step away from it, you know what I mean? I mean, you don‟t want to be
pushed into it . . . But I mean, like with math, because you‟re not going to get hurt, but I
mean, I see it as it‟s going to bring you down. Because you‟re getting pushed into it and
you don‟t know how to do it so you‟re just like, “Fuck! Man, I can‟t do this, da-da-da.”
So it makes you, I guess, it pushes you down, I guess you could say. It brings your selfesteem down and stuff like that.
The clear desire to avoid mathematics because it would put one‟s self-esteem in jeopardy is an
indication of a threatening response associated with a nonproductive anxiety affective disposition
characteristic toward mathematics. Intertwined with this threat is the realization that one does not
know how to do it or is encapsulated in the phrase, I can‟t do this, which clearly indicates a
nonproductive self-concept characteristic of one‟s insecurity as a user or knower of mathematics.
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This characteristic entered into another explanation of mathematics being a journey across the
Saharan Desert when the participant stated, It would be a struggle, because I struggled with it
(mathematics) before.
As was the case in the pre and post-questionnaire metaphor responses as well as the first
portion of the interview, the productive worthwhileness affective characteristic was present in
this participant‟s elaborated explanation of selected metaphor responses. When describing the
response that mathematics would be a crossword puzzle, this participant emphasized the word
patience that would be needed to put all the pieces together. Again, this indicates that time and
effort invested in mathematics would lead to a reward. The difference in this portion of the
interview is that this characteristic did not dominate the responses as it had in the previous
portion.
Felicia. As in the previous case, Felicia responds in this interview portion in a very
similar fashion to the metaphor responses on the post-questionnaire. This was also the case in the
previous interview portion, which was shown in Figure 4.8. While the distributions of affective
characteristics are not identical, as can be seen in Figure 4.12, the proportion of productive to
nonproductive affective characteristics appears to be similar.

Figure 4.12. Felicia’s Post-questionnaire vs. second interview portion of explanations of
metaphor responses. Anx: Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens:
Sensibleness, Use: Usefulness, Worth: Worthwhileness. This figure illustrates the coded
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metaphor responses on the post-questionnaire and the coded interview responses during the
portion of the interview that asked the participant to explain the meaning of their metaphor
responses.
Again, the productive self-concept and productive usefulness characteristics were most
prominent in these interview responses. The necessity of mathematics was a continual theme in
her responses. She stated phrases such as, you‟re using math every day, we use it every single
day of our lives, we use it every day, we need it to survive, you need math to survive, I need math
to survive, we have to do math to survive, we need it every day to survive, it‟s just a gift to know
math, it really is a gift to survive, to go forward, and it helps everyone to succeed in life. These
phrases were often nearby productive self-concept phrases that emphasized not only the
confidence she had in herself, but in everyone to be capable knowers, users, and learners of
mathematics. For example, she said I think that everyone is good at math, we are all good at
math, math is doable for everyone, I think that everybody‟s good at math, it‟s doable for
everyone, math doesn‟t have to be hard, it‟s not difficult, and it shouldn‟t be looked as math is
hard, because it‟s not. In one example, she expressed both in one phrase, it (mathematics) is a
part of your life and that anybody can do it.
The nonproductive self-concept responses in this portion of the interview were similar to
Araceli in that they were expressed in terms of her past self or a hypothetical self. For example,
she stated at the beginning of the semester she had the mentality that math is not for everyone,
growing up thinking math is hard, and I felt like it‟s going to be very hard for me. Later, she
stated hypothetically maybe I don‟t understand dividing fractions, and that could be very hard
for me. While these kinds of responses were present, they were vastly overwhelmed by the
productive self-concept responses listed in the previous paragraph.
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Phase Three: Holistic Narrative Analysis
As described in chapter 3, the researcher identified all discrete episodes and generalized
accounts present in the interview transcripts. Within each episode and account, all evaluative
statements were identified and categorized for three distinct features: verb tense (past, present, or
future), the presence of intensifiers (e.g., really, very, maybe, like, or repeated words or phrases),
and affective disposition characteristics (using the same Metaphor Response Coding Start List,
Table 3.2). The verb tense categorization was used to reveal a perceived chronological history of
each participant‟s disposition toward mathematics, comparing the relative frequency of
intensifiers was an attempt to show change in disposition over that time period, and coding each
affective characteristic was useful in observing specific elements of each participant‟s
disposition over time.
Cassandra
This participant shared both general accounts and discrete episodes during the interview.
An example of each will be detailed below with a description of analysis. The first example is a
general account provided in response to the interview question asking the participant to describe
her most memorable mathematics experience.
Well, unfortunately, the majority of my math experiences are very bad. I had very poor
teachers. One I remember at [Name of High School] would always tell us, “If you have
two oranges and you add them together, what does it equal?” And we‟re like, “An
orange.” He‟s like, “No! A banana!” we‟re like, “What?” like, “What are we talking
about?” He would add fruit but it made no sense to us, so I was very confused throughout
high school. Middle school I wasn‟t so good at. Elementary I was. And I hated it once I
entered middle school. I probably only had two good math teachers and one is at [this
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University]. It‟s [Instructor‟s Name]. I think that‟s how you pronounce her name? She
was great, but she would actually show us step-by-step and she wouldn‟t go ahead if
people didn‟t understand it. Every time she would introduce something, she wouldn‟t
automatically give us work on it. She would let us – let it sink in – I guess, go over it
several times, show multiple ways of solving a problem, rather than just one and
expecting that one way, like my old teachers did. I don‟t know. I think she really helped
us. And the other educator that I did like was my previous one, the one that interviewed
this one for. I think her name was [Instructor‟s Name]? Um, and I liked her because she
showed us different ways that we could use the manipulatives and like music and I love
that. Math isn‟t supposed to be that complicated. And I hate that I don‟t get it as easy as
other people do.
From this excerpt of a general account, there are three different affective characteristics this
participant is expressing: attitude, self-concept, and sensibleness. The subsequent paragraphs will
describe the evaluative statements categorized for these three characteristics.
This participant‟s expression of the attitude affective disposition characteristic toward
mathematics was revealed in two statements. The first is, and I hated it [mathematics] once I
entered middle school. The last is . . . and I love that. The first statement is a clear nonproductive
attitude toward mathematics in the past tense without the presence of intensifier language. The
last statement also lacks intensifier language, but it is associated with a productive attitude.
However, the specific link to mathematics is not as clear. The that to which this participant
refers, and loves, is the way in which the previous instructor showed us different ways that we
could use manipulatives and like music, presumably to teach mathematics. The participant does
not offer a clear juxtaposition of I hated math and I love math. She does provide a clear, I hate
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math, but offers us a narrow conditional, I love the way our instructor showed us how to teach
math using manipulatives and music.
Another affective characteristic in this general account is sensibleness. The four
evaluative statements that were associated with sensibleness in order are, it made no sense to us,
I was very confused throughout high school, she would . . . show multiple ways of solving a
problem, rather than just one and expecting that one way, like my old teachers did, and math
isn‟t supposed to be that complicated. The first statement is indicative of nonproductive
sensibleness in the past tense without intensifiers. The second statement, also indicative of the
nonproductive sensibleness characteristic in the past tense, has one intensifier. The third
statement is still in the past tense, but is transitioning from nonproductive sensibleness to
productive sensibleness. The final statement is in the present tense, has one intensifier, and is
indicative of productive sensibleness.
The final affective disposition characteristic present in this general account is selfconcept. There were three statements indicative of self-concept. They were, middle school I
wasn‟t so good at [mathematics], Elementary I was [good at mathematics], and I hate that I
don‟t get it [mathematics] as easy as other people do. The first statement is indicative of a
nonproductive self-concept affective disposition characteristic toward mathematics in the past
tense with an intensifier. The second statement portrays a productive self-concept in the past
tense, but at a time further in the past than the first statement, without an intensifier. The final
statement is in the present tense, with an intensifier, and indicates a nonproductive self-concept.
What follows is an example of a discrete episode that Cassandra shared during the
interview:
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And one of my teachers in high school, she was a great teacher. I would only get a B in
her class. But it‟s better than a C or worse. But she knew how much I struggled in math
and she would give me tutoring lessons and those kind of helped. But once I left, I
wouldn‟t remember anything that I did. So I‟d have that confidence during the tutoring
lessons, but outside of them in class, they weren‟t there anymore. My low self-esteem
came back. And I remember when I took the [state exam], um, and she was supposed to
give me the results. She told me I failed. And I knew it. It‟s like, “I know I failed.” So
when she told me that, I was like, I believed her. The she told me, “Why would you have
no faith in yourself that you passed?” I was like, “Look at me! Like, I can‟t do this!”
She‟s like, “Well, I was just kidding [Participant‟s Name], you actually did pass.” She‟s
like, “All you need to do is believe in yourself and have that confidence that you‟re going
to do something. Don‟t go into something thinking that you‟re going to fail. Go in
thinking and believing that you can do it and that you will be successful and you will.” So
I did pass. But when she told me I failed, I was like, “Well I could have told you that.” I
was really in shock that I passed. And it should not have been that way. I should have
been like, “I‟m pretty sure I passed,” rather than, “I know I failed.”
This discrete episode contains evaluative statements exclusively indicative of the self-concept
affective disposition characteristic. They are as follows: I struggled with math, my low selfesteem came back, she told me I failed. And I knew it, I know I failed, I can‟t do this! I was really
in shock that I passed, I‟m pretty sure I passed, and I know I failed. All of these statements refer
to the past, despite the fact that three of them were spoken in the present tense. The present tense
statements were embedded in a past incident where the narrator was speaking as a character in
that event. All these evaluative statements are indicative of the nonproductive self-concept
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affective disposition characteristic toward mathematics. The one statement I‟m pretty sure I
passed could be indicative of productive self-concept. However, in context, the participant is
emphasizing that this should have been her disposition at the time of the incident, when clearly it
was not.
Figure 4.13 illustrates the longitudinal disposition toward mathematics that this
participant reported in the narrative portions of the interview. As can be seen, the nonproductive
self-concept is maintained from middle school until the day of the interview. Nonproductive
sensibleness occurred in high school, but was remedied at the university. A nonproductive
attitude developed in middle school and may have been remedied this past semester. However, it
is not entirely clear that this is the case. Also, we do not know if this nonproductive attitude
persisted throughout high school. However, with a clearly expressed nonproductive self-concept
and nonproductive sensibleness, one may assume that it is likely that she also had a
nonproductive attitude during that time. The same may be said of her sensibleness disposition
during middle school.

Figure 4.13. Cassandra’s Longitudinal affective disposition characteristics from narrative
analysis. This figure illustrates productive and nonproductive affective disposition characteristics
that this participant expressed throughout the narrative portions of the interview.

82

Araceli
Consistent with the previous participant, Araceli also shared general accounts and
discrete episodes throughout the interview. What follows are examples of these scenarios and
results of the analysis. First is an example of a general account:
Yes, I think that I rediscovered that math is just about being curious. [Laughs] Wanting
to find things, find the answer of things, daily problems, or you know, abstract problems,
when it comes to science and all that. Math is involved. And the reason why I say that is
because I did my internship over the course of the semester. So I worked with my third
graders and they‟re just naturally curious. They want to know. And it‟s beautiful to see
that sparkle of wanting to know things. “How do I get this?” They just naturally love
math because they‟re naturally curious.
And I was very happy to see that because, as an adult, I‟ve grown to really not like math.
But that kind of reminded me that, “You now what? That‟s just because of how math was
taught to me.” But math is actually very fun. And I kind of turned around and started to
like math once more, because I forgot all my negative experiences and, you know, wanted
to teach my students a more positive way of learning.
And I also, as I was teaching, I found myself wanting to drill them. I found myself
wanting to, you know, just tell them how to solve it and then they would ask me, “Well,
why?”
And I‟m like, “That‟s just how you do it.” I had to stop myself and say, “Okay, now I
need to teach them a different way.” So then I would ask, I tried to serve instead of just
telling them, “This is how you get it,” just serve as a facilitator. Kind of ask them, “Well,
what do you think?”
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“Well, I think I need to do this and that.”
“And why do you say that?”
“Because . . .” And then that gets them to a higher level of thinking, in which, like I said,
they‟re so curious to learn and they‟ll love math.
There is one statement that holds this entire account together. She provides a perceived
explanation for the all the expressed affective characteristics in this general account. She states,
and the reason why I say that is because I did my internship over the course of the semester.
The opening statement of this account is packed with present tense evaluative statements
indicative of a productive disposition toward mathematics. Math is just about being curious is
indicative of a productive nature characteristic. This is followed by a statement that begins
wanting to find things, find the answer of things and ends with math is involved, which shows a
productive usefulness characteristic. In between these brackets, she said daily problems . . . or
abstract problems, which is indicative of the productive concrete and abstract belief in the nature
of mathematics.
This account also contains multiple evaluative statements that reflect the attitude
affective disposition characteristic. The first statement in this sequence is as an adult, I‟ve grown
to really not like math. This evaluative statement is indicative of a nonproductive disposition in
the past tense with the presence of an intensifier. This is followed by a productive present tense
evaluative statement with an intensifier but math is actually very fun. Immediately following that
statement, she said, and I kind of turned around and started to like math once more, because I
forgot all of my negative experiences. This statement, in the past tense, gives an explanation for
the change from nonproductive attitude to productive attitude.
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Additionally, there are two statements associated with the productive attitude affective
characteristic that are slightly different. She begins they [her students] just love math because
they are naturally curious. This is present tense productive attitude, but she is referencing her
students instead of herself. She concludes, in the future tense they‟re so curious to learn and
they‟ll love math.
This participant also shared a discrete episode:
Okay. I think when I was in middle school, I think it was seventh grade, we changed math
teachers. And this new math teacher, he came in and it was when we were introduced to
Algebra, I had never seen it before in my life. I remember he gave us a word problem and
we had to solve it. And we had no idea how to solve it. We read it and he told us to reread it and we re-read it. And nothing would pop into our minds. So, we just left it blank
and it eventually turned into homework and I just had a really hard time. And then during
that time, one of my cousins lived with us, „cause she was attending college. So I asked
her for help. And so she started solving it and I noticed she put like x equals whatever,
and you know. She‟s like, “This is the answer,” and she‟s like, “Are you sure this is what
you‟re supposed to be doing? This is your homework?”
And I was like, “Well, I don‟t get it. How did you get that answer?” And she tried to
explain and I more or less understood. But I was like, “Well, how was I supposed to know
that I had to do that?” I didn‟t know. Nobody had taught me. I had no idea what Algebra
was. I didn‟t know why there were parentheses. I was like, “Why did you put those things
[laughing] there?” So the next day, I took a homework and it was right, but I didn‟t do it,
of course she did it for me.
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And then he just started giving us more word problems and more word problems. And
everybody grew very frustrated with him because we didn‟t know what was going on. And
he grew very frustrated with us. I guess he just assumed that we weren‟t trying? Or, I
mean, I don‟t know what was going on there. But, they actually had to go in and observe
him because there was a lot of parent complains of, “What‟s going on here?”
And one of those complains was my mother because I started to fail math. So she went
and she spoke with him right away, within a week. And she‟s like, “Well, I‟m wondering
what‟s going on, you know? It‟s not like it for her to fail. I‟m not saying I want her to get
a 100, but I just see like this big drop. And I know that she‟s trying. I look at her when
she comes home. After dinner, she does her homework. She really does not know what‟s
going on.”
So then he told her, “Well, she‟s an okay student. She does well.” But, I don‟t remember
what he said. But we just came to terms that I guess nobody had been introduced to
[laughing] Algebra so I think he had to start form zero.
But it was – I don‟t know if you‟re familiar with the sink and swim? So it was kind of like,
“Here you go! Do it!” And [laughing] we all sank! So it was horrible in that time. And
then once we learned later on with the time, well then we knew what to do. But I guess
that was, that moment I really, really hated math. [Laughs] I really did. And that would
be, I guess, a negative experience.
This discrete episode, summed up as a negative experience, contains many evaluative statements
referring to both nonproductive self-concept and nonproductive attitude.
For example, the nonproductive self-concept affective disposition toward mathematics
can be found in these past tense evaluative statements: we had no idea how to solve it, I just had
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a really hard time, we didn‟t know what was going on, and we all sank! The first two have
intensifiers while the last two do not. The nonproductive attitude affective disposition toward
mathematics evaluative statement is also in the past tense and it has numerous intensifiers. She
concludes the discrete episode by saying that moment I really, really hated math. I really did.
She uses the word really three times.
From these two examples, it is evident that she perceives her attitude toward mathematics
to be in flux throughout the personal history she shared. In the general account, she used the
phrase once more when reporting that she turned around and started to like math. This indicates
that in the past she had both a productive and nonproductive attitude toward mathematics. The
discrete episode sheds light into one specific incident in the past that resulted in a nonproductive
attitude toward mathematics that coincided with a nonproductive self-concept toward math.
Figure 4.14 below illustrates the longitudinal affective disposition characteristics for
Araceli. Noteworthy are the nonproductive characteristics that were introduced in seventh grade
punctuated by the discrete episode she shared. Also, it is clear that when the participant moved
from the United States to Mexico and then back to the United States again, this participant
experienced productive sensibleness and productive attitude affective disposition characteristics.
Another notable quality is the dominant productive disposition perceived by this participant
while she was in her internship.
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Figure 4.14. Araceli’s Longitudinal affective disposition characteristics from narrative analysis.
This figure illustrates productive and nonproductive affective disposition characteristics that this
participant expressed throughout the narrative portions of the interview. The very bottom row
illustrates the time periods when this participant attended school in the United States and
Mexico.
Santiago
From the previous phases of analysis, the three most prevalent affective characteristics
among this participant‟s responses were nonproductive self-concept, nonproductive anxiety, and
productive worthwhileness. This participant shared general accounts and discrete episodes with
evaluative statements that reflected these affective disposition characteristics toward
mathematics. Beginning with a general account, this participant shared:
Elementary school, I was always kind of good, till we got to fractions. That‟s when I kind
of like, started avoiding math. Because fractions [were] always killing me. Like I was
even better and multiplying three digits by three digits than maybe solving like 9/16 times
like 3/8, I was just like, you know what I mean? Because it was always like, “Uuuuh.”
Like when you simplify and stuff like that, I was always like, “Nah.” It would always be
like, “Solve this by making it greater,” instead of like actually trying to solve it, I would
just draw. So I mean, I always remember fractions because I never liked them.
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The researcher then asked the participant to explain how he would avoid math. He responded:
I wouldn‟t do my homework. I was just like, “Nah.” I guess that‟s when I started going to
summer school, I would avoid my homework. And I just wouldn‟t do it.
The two prevalent nonproductive affective characteristics are present in the evaluative statements
from this general account example. For example, he begins the account with the phrase I was
always kind of good, till we got to fractions. Shortly thereafter, he follows with I was even better
at multiplying three digits by three digits than maybe solving like 9/16 times like 3/8. Both of
these are examples of nonproductive self-concept evaluative statements in the past tense with
intensifiers. What is interesting to note is that the statements about being an insecure user of
mathematics, specifically fractions, are defined in opposition to other aspects of mathematics to
which this participant is confident (e.g., elementary mathematics and multiplying multiple-digit
numbers).
The most prevalent characteristic in the above general account was nonproductive
anxiety. This was highlighted by the avoidance response to mathematics, which is an indication
of an apprehensive reaction to mathematics. This can be seen in the past tense evaluative
statements such as started avoiding math, I was always like, „Nah,‟ and instead of like actually
trying to solve it, I would just draw. When asked specifically to explain the avoidance
techniques, he continued with evaluative statements I wouldn‟t do my homework, I was just like
„Nah,‟ I would avoid my homework, and I just wouldn‟t do it. In and of themselves, these
statements do not contain intensifiers. However, regarded as a whole, the amount of repetition
among the statements (e.g., wouldn‟t do and Nah) gives those statements intensifier quality.
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Like the other participants, he shared discrete episodes. The example that follows
contains evaluative statements that are indicative of both nonproductive anxiety and productive
worthwhileness:
Yeah, I mean, you can understand anything as long as you put effort into it. Because, I
mean, I tried Calculus but I always said I never understood anything. That‟s because I
never – once I saw it, I was like, “Nah, this isn‟t for me.” Because senior year, I repeated
a semester of PreCal, but it was the second semester. So I was like, might as well give
Calculus a try. So like first, I want to say, like three days we had a quiz. And once I saw
it, I was like, “Nah.” I didn‟t even put any effort into it. I remember just writing my name
on the paper, turning it in, and I walked out of the class. And I walked to the counselor‟s
office like, “I‟m out of this class.” But I mean, I‟m pretty sure if I would‟ve put effort into
it, I probably would have been able to understand it, but I was just like, “Nah, it‟s not for
me.”
The running theme of this episode is that he is capable of understanding mathematics if he puts
effort into it, which is a clear indication of the productive worthwhileness affective disposition
characteristic. This is clear in the phrases you can understand anything as long as you put effort
into it, which is in the present tense and I‟m pretty sure if I would‟ve put effort into it, I probably
would have been able to understand it, which is in the past tense.
However, from this last statement in the episode, we learn that he did not put in the
necessary effort. Instead, he reported avoidance, albeit an extreme form of avoidance by
completely opting out of the class. This avoidance, as in the previous example, is an indication of
an apprehensive reaction to mathematics and indicative of the nonproductive anxiety affective
disposition characteristic. All these evaluative statements are in the past tense and the repetition
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of the word Nah in evaluative statements such as I was like, „Nah, this isn‟t for me,‟ I was like,
„Nah,‟ and, I was just like, „Nah, it‟s not for me,‟ give them all intensifier quality. The other two
evaluative statements reflective of the nonproductive anxiety characteristic were, I didn‟t even
put effort into it, and I walked to the counselor‟s office like, „I‟m out of this class.‟ There are
some present tense phrases in these evaluative statements, but like Cassandra‟s example of a
discrete episode, they are embedded in past events with the narrator speaking as a character in
the event.
Figure 4.15 below shows Santiago‟s longitudinal affective characteristics based on
narrative analysis of the interview transcript. Noteworthy in this illustration is the dissection of
this participant‟s story into five portions with exclusive and alternating productive and
nonproductive affective disposition characteristics.

Figure 4.15. Santiago’s Longitudinal affective disposition characteristics from narrative analysis.
This figure illustrates productive and nonproductive affective disposition characteristics that this
participant expressed throughout the narrative portions of the interview.
Felicia
From the other phases of data analysis, one of the most prevalent affective disposition
characteristics toward mathematics for this participant was the productive self-concept. What
follows is an excerpt from a discrete episode that exemplifies one of Drake‟s (2006) “turning
points”:
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Yeah. I mean, he [community college instructor] walked in and would, you know, he
would treat us as individuals. And then, you know, the first thing he would write on the
board, “Math is your friend. Don‟t be afraid of it.” Like, it‟s the opposite of what I was
taught and so that kind of helped me to start changing my mind.
Throughout the interview, this participant spontaneously repeats the phrase math is your friend
four times. She is able to pinpoint the experience she perceives as a moment where she begins to
shift her thinking about mathematics. The following general account reflects this change:
Not until college. Until I started understanding that there‟s . . . I guess I thought I was
like, there was something wrong with me because I didn‟t understand the way the teacher
was teaching it and see that a lot of my peers understood it. So I always thought, “It‟s
me. I‟m just not good at math.” You know, it‟s me, it‟s me. Once I started college and I
started seeing, “Okay, you can solve this problem this way, this way, or this way.” And
then I started seeing, like, „There‟s nothing wrong with me, I just understand differently.”
And I might take longer, you know, I might have to review more, or you know, take the
longer steps, not the short steps to solving. And I thought, “Okay, it‟s not me. I just learn
different.” And that was something that was not taught to me, like, that was something
that was not told to me as I was growing up. Until I entered college and I started seeing,
like, “Okay, you know, I don‟t have to understand it a specific way. I can do it my own
way.”
The evaluative statements in this general account are all in the past tense and refer to the selfconcept affective disposition toward mathematics. In the beginning of the account, the statements
are indicative of nonproductive self-concept. The statements finish with the productive selfconcept. It begins with I thought there was something wrong with me and ends with I can do it
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my own way. Again, there are present tense phrases in these evaluative statements that are
manifestations of the participant speaking as her former self in the past.
Another general account shows the change through the tense of evaluative statements.
The account is:
Now I can say that now I‟m confident to, you know, to say that I understand math. Or
that I can do math problems. Like, back then it was like, “Math is like, oh no,” you
know? “I‟m not going to be able to fig–” I already went in with that mentality of, “Math
is going to be hard and how am I going to pass this semester or high school, how am I
going to pass?” I already, you know, like, “I‟m going to have to take summer school.”
Like the first two days or three days, I would notice like, “I‟m not going to understand
this.” And now, it‟s like I‟m more confident. Because I know that if I don‟t understand a
problem, you know, I guess I have the mentality that every problem has a solution, now.
If I don‟t get it the first time, then I look for another – another way to solve it. I‟m more
confident now, like that, I can do it. It might take me longer. But, you know, I can do it.
All the past tense evaluative statements (e.g., I went in with that mentality and I would notice) are
indicative of nonproductive self-concept while the present tense statements (e.g., I‟m confident, I
have the mentality, and, I can do it) are of productive self-concept.
In figure 4.16 below is an illustration of the longitudinal affective disposition
characteristics for Felicia. Notable is the exclusive perception of productive characteristics in
community college and at university. Prior to this time period, the majority of the reported
affective characteristics are nonproductive, with the exception of summer school Geometry and
Algebra 2 during high school. However, this is immediately followed by exclusive
nonproductive characteristics.
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Figure 4.16. Felicia’s Longitudinal affective disposition characteristics from narrative analysis.
This figure illustrates productive and nonproductive affective disposition characteristics that this
participant expressed throughout the narrative portions of the interview.
Summary
This chapter described the results of the three sequential phases of data analysis. In the
first phase, it was determined that the entire sample‟s responses to the post-questionnaire were
statistically more productive than the responses on the pre-questionnaire. The section that each
participant was assigned to did not have an impact on the change in reported affective disposition
toward mathematics. Therefore, four participants‟ interview transcripts were selected for further
analysis based on their pre and post-questionnaire metaphor response comparisons. One
participant was from each category: enduring-productive, enduring-nonproductive, decliningbut-productive, and declining-and-nonproductive.
The second phase of data analysis compared the coded metaphor responses to two
specific portions of the interview. The first was the portion where participants were asked
directly to report their affective disposition toward mathematics. The two participants in the
nonproductive category each reported a more productive disposition in this interview portion,
while the two participants in the productive category reported a similar productivity in this part
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of the interview to their coded metaphor responses. The second interview portion analyzed was
the moment when participants were asked to read and to clarify samples of their own metaphor
responses. Cassandra responded similarly with one notable exception with respect to a
productive self-concept affective characteristic. Araceli responded with a similar proportion of
productive and nonproductive responses, but the distribution of affective characteristics was
different. Santiago and Felicia responded similarly to the metaphor responses during this portion
of the interview.
The third and final phase of analysis was the holistic narrative analysis of the interview
transcripts. The participants revealed stories and experiences they perceived help shape their
affective dispositions toward mathematics. Cassandra shared an experience that reinforced her
nonproductive self-concept. Araceli revealed that her participation as a student teacher during the
semester had an impact on her attitude toward mathematics and her belief in the nature of
mathematics. Santiago shared experiences that reinforced a nonproductive self-concept,
nonproductive anxiety, and productive worthwhileness affective disposition characteristics
toward mathematics. Felicia shared a past experience that helped shape her current productive
self-concept affective disposition characteristic.
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CHAPTER 5: INTERPRETATIONS
This chapter begins with each of the research questions and how each is answered
through a synthesis of the three phases of data analysis that were discussed at length in Chapter
4. Discussions of unanticipated results follow the specific research questions. First is a
discussion of the different data collection techniques employed in the study. Last is the
unanticipated variable of student teaching experience and how that may or may not have
contributed to change in affective disposition toward mathematics.
Discussion of Research Question #1
The first research question is: What are pre-service elementary teachers‟ reported
affective dispositions toward mathematics? This question can be answered from multiple
perspectives. At the beginning of the semester, the entire sample of 104 participants reported a
productive affective disposition toward mathematics on the coded metaphor pre-questionnaire
responses. There were 2,555 (60.5%) coded productive responses vs. 1,668 (39.5%)
nonproductive responses. At the end of the semester, the entire sample of 104 participants again
reported a productive affective disposition toward mathematics through the coded metaphor
post-questionnaire responses. There were 2,547 (62.1%) productive responses and 1,557 (37.9%)
nonproductive responses.
From the perspective of each individual participant, at the beginning of the semester 75
(72.1%) reported more productive than nonproductive coded responses on their metaphor prequestionnaire and only 29 (27.9%) did not. At the end of the semester, 77 (74.0%) reported more
productive than nonproductive coded metaphor responses on the post-questionnaire compared to
27 (26.0%) who did not. This means that both on the whole and for the majority of the
participants, pre-service teachers in this sample were more likely than not to report through their
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metaphor responses that they “see sense in mathematics, perceive it as both useful and
worthwhile, believe that steady effort in learning mathematics pays off, and see themselves as
effective learners and doers of mathematics” (Kilpatrick, Swafford, & Findell, 2001, p. 131).
They were also more likely to report having a productive belief about the nature of mathematics,
a positive attitude toward mathematics, and the ability to harness any anxiety for successful
performance. This was true at the beginning of the semester and it was true at the end of the
semester.
Discussion of Research Question #2
The next research question in this study is: Do pre-service elementary teachers‟ reported
affective dispositions toward mathematics change during the semester they are enrolled in a
reform-based mathematics methods course? Again, this question can be answered from multiple
perspectives. Taking into account the entire sample‟s coded metaphor responses on the pre and
post-questionnaires, yes, the reported affective dispositions changed. However, they did not
change from productive to nonproductive or vice versa. The change was that the coded metaphor
responses became more productive from the beginning of the semester to the end of the semester.
This can be seen in table 4.1 in the previous chapter. The chi-square goodness-of-fit test shows
that there was a statistical difference between the proportions of productive to nonproductive
responses when comparing the coded metaphor responses in the pre-questionnaire to the postquestionnaire.
This collective improvement in the productivity of affective disposition toward
mathematics among the participants in this study could be attributed to their participation in a
semester-long mathematics methods course with a reform-based curriculum. A central tenant of
reform-based mathematics is the constructivist philosophy undergirding the teaching and
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learning enterprise. As such, students are expected to play a much more active role in their
learning, which provides them the opportunities for making sense of mathematics, seeing effort
as a worthwhile endeavor, identifying its usefulness, and gaining self-confidence. In turn, this
has the potential to improve attitude, reduce anxiety, and reach a deeper appreciation for the
nature of mathematics. Therefore, it is quite possible that experience with a reform-based
mathematics methods curriculum may have directly impacted participants‟ affective disposition
toward mathematics, making it more productive. However, as will be discussed in Chapter 6,
more data would need to be gathered from the participants‟ experiences in the methods course to
more thoroughly support this rationale.
Accounting for each individual participant, the results look slightly different. Using the
chi-square goodness-of-fit test for each participant‟s coded metaphor responses on the postquestionnaire as a means for classifying the change in disposition, the majority of participants‟
reported affective disposition toward mathematics did not change. This is illustrated in table 5.1
below, whereby 73 (70.2%) of the participants reported an enduring disposition while only 18
(17.3%) reported an improving disposition and 13 (12.5%) reported a declining disposition.
Table 5.1 Participants’ Reported Change in Affective Disposition Toward
Mathematics
Number of Participants
Productive
Nonproductive
Sum
Improving
13
5
18
Enduring
58
15
73
Declining
6
7
13
Sum
77
27
104
Therefore, it could also be stated the pre-service elementary teachers‟ reported affective
dispositions toward mathematics did not change during the semester they were enrolled in a
mathematics methods course due to the majority of participants‟ being categorized as reporting
an enduring disposition on the post-questionnaire. The rationale for this result could be only one
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semester of being exposed to reform-based mathematics methods curriculum was simply not
enough time to change disposition. Furthermore, the experiences these participants endured prior
to the mathematics methods course may have contributed greater to disposition than the course.
Discussion of Research Question #3a
The next research question is: What are the reported changes in affective disposition
characteristics and what do participants perceive as contributing to the dynamic nature of
disposition? Only the first part of the question can be addressed through analysis of the entire
sample‟s coded metaphor responses on the pre and post-questionnaire. Figure 5.1 illustrates the
distribution of productive and nonproductive responses by affective characteristics. The
distributions appear to be virtually identical. Therefore, it can be stated that the entire sample‟s
affective disposition characteristics did not change.

Figure 5.1. Distribution of affective disposition characteristics for the entire sample. Anx:
Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use: Usefulness,
Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor responses for
the overall sample on the pre and the post-questionnaire.
However, in order to completely answer this question it is necessary to examine the four
cases. Examination of the coded metaphor responses alone cannot reveal the possible reasons
why reported elements of disposition may or may not have changed. Additionally, the researcher
anticipated the section each participant was assigned to would significantly impact disposition,
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however the section assignment did not statistically impact change in disposition. Illustrated in
figure 4.3 in the previous chapter, the standardized chi-square comparison among the five
sections did not yield any significant differences. Therefore, the mathematics methods section
each participant was assigned to throughout the semester did not statistically impact change in
affective disposition that was reported through the coded metaphor responses on the pre and post
questionnaires.
As such, only an examination of the cases can begin to address the possible reasons for
changes in disposition. Two of the four cases reported a changing affective disposition toward
mathematics during the semester they were enrolled in the mathematics methods course. The
coded metaphor responses from Araceli categorized her as declining-but-productive, while the
coded responses for Santiago categorized him as declining-and-nonproductive. Figure 5.2 shows
the distribution of affective disposition characteristics for these two participants.
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Figure 5.2. Distribution of affective disposition characteristics for Araceli and Santiago. Anx:
Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use: Usefulness,
Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor responses for
these two participants on the pre and the post-questionnaire.
From the figure, it is clear that both the proportion of productive to nonproductive coded
responses changed and the distribution of the affective characteristics also changed from the prequestionnaire to the post-questionnaire. The interview phase of data collection and narrative
analysis of the transcripts allowed for examination into the perceived reasons for why these shifts
may have occurred.
Case of Araceli
In the case of Araceli, one of the more dramatic shifts was in the belief of the nature of
mathematics. Looking specifically at this characteristic in the pre-questionnaire responses, there
were more productive responses than nonproductive responses. However, the coded post-
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questionnaire responses were the opposite. What did the participant perceive as accounting for
this change?
A central feature of the narrative analysis indicated the most often cited experience for
Araceli during the semester was her student teaching experience. When discussing how her
perceptions had changed, the discrete episodes and general accounts most often derived directly
from student teaching. In the specific case of her reported belief in the nature of mathematics, the
student teaching experience was deeply connected. It was through teaching her students
mathematics that she was confronted with how the nature of mathematics was presented to her
when she was an elementary student. According to her narratives, she learned in elementary
school that mathematics was strictly procedural. She often used the word drilling to describe her
experience and often referenced finding a solution or getting an answer was the nature of
mathematics. Through her reflection, she admitted she really did not learn mathematics in
elementary school, only how to do mathematics problems. She said she always got good grades
but did not really learn anything. It is clear the conceptual nature of mathematics was not
something she was aware of as an elementary student. Her experience student teaching and
interacting with elementary students conjured up these memories and it is quite possible her
confrontation with this knowledge is what may have contributed to her post-questionnaire
responses.
Likewise, in her assertion she did not learn anything in elementary mathematics, she
reported making a conscious effort not to teach her students that mathematics is exclusively
procedural. Her reported resistance was to encourage her students to think about and offer
explanations as to why particular math procedures were successful. She stressed that a solution
to a problem has to make sense. Examining the sensibleness characteristic, a similar pattern
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emerged in her pre and post-questionnaire responses. From pre to post, the proportion of
productive sensibleness responses dramatically decreased while the nonproductive sensibleness
responses increased. Again, her memories of herself as an elementary student were prompted by
her student teaching experience. Her reflection that mathematics was neither reasonable nor
understandable to her as an elementary student may have contributed to her altering her
responses from the pre to the post-questionnaire.
Case of Santiago
While the proportion of productive to nonproductive responses on the pre and postquestionnaire did change for this participant, there were not any dramatic alterations in the
distribution of affective characteristics. See Figure 5.2. The most notable change is the decline in
productive sensibleness responses on the post-questionnaire as opposed to the pre-questionnaire.
However, the nonproductive sensibleness responses declined as well. The increases in
nonproductive anxiety and self-concept were more akin to enhancements as they remained the
most prevalent affective characteristics on both questionnaires.
There were two experiences this participant shared that may or may not have contributed
to a change in disposition during the semester in the mathematics methods course. First, this
participant explained that the instructor of the course was suffering from an intense terminal
illness. This led to the instructor not being consistent. As he explained, there were some days
where the instructor, as he put it, wasn‟t all there. He believed either the medication or the
therapy was causing the instructor to daze out and stop teaching. As a result, this participant
became disengaged on those days. He said he wouldn‟t even call it a classroom environment.
Instead, he said it was a waste of time. This was because the instructor would come back to
reality after appearing dazed and immediately dismiss the class. However, there were other days
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where the instructor would teach-teach. On those days, there was more interaction among the
students and between the students and the instructor. Or, as he put it, she‟s on the ball today.
In contrast to the previous case, this participant was not engaged in student teaching
during the semester. Therefore, this mathematics methods course was the only opportunity he
had to engage with mathematics throughout the semester. It is quite possible the inconsistency in
instruction may have contributed to his declining-and-nonproductive affective disposition.
Another experience he cited was learning how to use the lattice method for
multiplication. He said:
And before that class, I had never seen lattice multiplication. And, I mean, that was, I
mean, it was interesting. But till this day, I don‟t know how to do it. If I would try to do it,
and I have no idea how to do it, I would get completely lost. But I mean, it‟s interesting
that you could do, like, solve addition, multiplication, or something like that in more than
one way.
He is describing a productive affective disposition toward the nature of mathematics by citing the
multiple methods for performing the same mathematical processes. However, the nonproductive
self-concept and nonproductive sensibleness are also present in this example. It is clear from his
perspective the things he learned in the mathematics methods course were things he does not
understand. It is very similar to the previous participant who cited she often performed well but
did not feel she was learning. Here, the participant found what he was learning to be interesting,
but it is clear that he really did not learn successfully. This could certainly contribute to his
declining productive sensibleness responses on the post-questionnaire as well as the enhanced
nonproductive self-concept.
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Discussion of Research Question #3b
The next research question is: What are the reported affective disposition characteristics
that do not change and what do participants perceive as contributing to their enduring nature of
disposition? Similar to the previous research question, this could be fully addressed only through
the narrative analysis of the interview transcripts. As Figure 5.1 illustrates, the distribution of
affective characteristics on the coded metaphor responses did not change very much from the
pre-questionnaire at the beginning of the semester to the post-questionnaire at the end. Two of
the four cases showed an enduring affective disposition toward mathematics. Figure 5.3 shows
the distribution of affective disposition characteristics toward mathematics for Cassandra and
Felicia for the coded metaphor responses on the pre and post-questionnaires. The prominent
features of the distribution did not change for Cassandra. Nonproductive self-concept and
nonproductive anxiety dominated the metaphor responses on both questionnaires. The prominent
feature of the coded metaphor response distribution for Felicia is the wide distribution of
productive affective characteristics. This did not change from pre-questionnaire to postquestionnaire.
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Figure 5.3. Distribution of affective disposition characteristics for Cassandra and Felicia. Anx:
Anxiety, Att: Attitude, Nat: Nature, SC: Self-Concept, Sens: Sensibleness, Use: Usefulness,
Worth: Worthwhileness. This figure illustrates the coded proportion of metaphor responses for
these two participants on the pre and the post-questionnaire.
Case of Cassandra
The coded metaphor responses on the pre and post-questionnaire led to Cassandra being
categorized as having an enduring nonproductive affective disposition toward mathematics. The
nonproductive anxiety and nonproductive self-concept affective characteristics were consistently
high in each questionnaire. The narrative analysis of her interview revealed that her past
experiences with mathematics as a student contributed greatly to this disposition. Specifically,
her experiences in middle school and high school were instrumental in forming this
nonproductive affective disposition toward mathematics. While she did not share many discrete
episodes from this time period, it appears as though an accumulation of negative experiences
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contributed to an enduring disposition. When discussing how she felt during her secondary
mathematics experience, she summarized, it‟s not a nice feeling to feel stupid.
However, she did cite the previous two math courses she took at the university level
changed her self-perception. She reported feeling more confident she would be successful in
mathematics and she would no longer feel threatened to the point of being unable to complete a
mathematics task. Despite this changing perception, she did not feel as though the two courses
were enough to overcome her nonproductive self-concept and nonproductive anxiety. As she
said, I would love to take another math course to help me learn more so that I could . . . gain
complete confidence and not have that little fear hiding in the back.
From the analysis of Cassandra, the enduring elements of her affective disposition toward
mathematics were formed during her secondary school years. It is her contention that continued
time and effort to learn and understand mathematics along with experiencing continued success,
will allow her to change her nonproductive disposition. From the narrative analysis, it is clear
she perceives her future self as having a more productive disposition toward mathematics than
her present self. However, the limited success and understanding she gained in the previous two
courses was not sufficient to change her disposition. This is what she reported as the reason for
her enduring nonproductive affective disposition, specifically with respect to self-concept and
anxiety.
Case of Felicia
Similar to the previous participant, Felicia cited past experiences as a student as being
instrumental to her affective disposition toward mathematics. According to her narrative, it was
clear her turning point (Drake, 2006) occurred when she enrolled in courses at the community
college. Throughout the interview, the participant repeated the phrase math is your friend. One of
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her instructors had a habit of repeating the phrase, “Math is your friend.” She enrolled in further
courses with this same instructor at the community college due to the positive impact she
perceived. Like Cassandra, Felicia had mostly negative experiences with mathematics at the
secondary level. However, since Felicia had more positive experiences with mathematics earlier
in her post-secondary educational career, it is quite possible the additional time experiencing
success and understanding was enough to instill a productive affective disposition toward
mathematics that endured through the semester she was enrolled in the mathematics methods
course. She did not perceive the math methods course as having an impact on her disposition.
Rather, she stated that the methods course reassured her of her productive belief in the
usefulness and sensibleness of mathematics as well as her productive self-concept. According to
this participant, it was her previous post-secondary mathematics experiences that contributed to
her enduring productive affective disposition toward mathematics.
Discussion on Data Collection Methods
Using open-ended indirect metaphor prompts in written questionnaire format is
inherently different from asking participants directly in an oral one-on-one interview setting to
report their affective dispositions toward mathematics. As such, the researcher anticipated these
two different methods for collecting data would yield different results. This is illustrated in
Figure 5.4, which shows the frequency of each affective domain characteristic for all
participants‟ responses on the post-questionnaire and during the phase of the interview when
participants were asked directly to report their affective dispositions toward mathematics.
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Figure 5.4. Distribution of affective disposition characteristics for all participants’ responses on
the post-questionnaire and during the interview. Anx: Anxiety, Att: Attitude, Nat: Nature, SC:
Self-Concept, Sens: Sensibleness, Use: Usefulness, Worth: Worthwhileness. This figure
illustrates the coded proportion of metaphor responses on the post-questionnaire for four
interviewees as well as the coded proportion of interview responses when participants were
asked directly to report their affective dispositions toward mathematics.
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Noteworthy in these comparisons is, despite the variation in distribution of affective
characteristics, the increased frequency of coded productive rather than nonproductive responses
during the interview as opposed to the metaphor responses. Felicia is the exception whose
proportion of coded productive to nonproductive responses is fairly stable. In the other three
participants, we see evidence of positioning. According to Shinebourne and Smith (2010), the
use of metaphor allowed the participants to share negative or painful emotions about a particular
topic they would otherwise avoid sharing if asked directly. In the cases of Cassandra and
Santiago, this appears to have been the case. The high proportion of nonproductive responses in
the metaphor stands in stark contrast to the exceedingly high proportion of productive responses
during the interview. Even Araceli (who reported a more productive than nonproductive
responses to the metaphor prompts) increased the proportion of productive responses during the
interview. This could be due to metaphor‟s power to “produce additional insights” (Shinebourne
& Smith, 2010, p. 69) or elicit a heretofore “unexplored dimension of experience” (Shinebourne
& Smith, 2010, p. 68). Also, it is possible the environment in which the interview took place (in
a public space with a doctoral candidate in mathematics education research) contributed to
participants‟ desire to position themselves as having a productive disposition toward
mathematics. This may also have been the case for Felicia, but her reported disposition in the
interview was consistent with her metaphor responses, meaning her positioning in the interview
was more authentic to her disposition and not exclusively influenced by the social force and
hegemonic storyline.
Furthermore, in comparing the post-questionnaire responses to the portion of the
interview where participants were asked to explain their metaphor responses, we can see a return
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to similar proportions of productive to nonproductive responses. Figure 5.5 illustrates this
comparison.

Figure 5.5. Distribution of affective disposition characteristics for all participants’ responses on
the post-questionnaire and during the interview. Anx: Anxiety, Att: Attitude, Nat: Nature, SC:
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Self-Concept, Sens: Sensibleness, Use: Usefulness, Worth: Worthwhileness. This figure
illustrates the coded proportion of metaphor responses on the post-questionnaire for four
interviewees as well as the coded proportion of interview responses when participants were
asked to explain a sample of their metaphor responses.
From the figure, it is apparent that Cassandra, Santiago, and Felicia repositioned
themselves as having a similar disposition they expressed in the metaphor responses. This is
certainly the case in comparison to the previous portion of the interview. Perhaps it was being
confronted with their own responses that prompted them to position themselves as being
consistent. The consistency in responses would suggest that these particular affective
characteristics were “central,” while the characteristics that fluctuated would be “peripheral” to
their disposition (Haser & Doğan, 2012).
However, Cassandra overtly resisted the disposition she reported in the postquestionnaire metaphor responses. While reading and explaining her metaphor responses, twice
she said I disagree with myself and professed her self-concept had become more productive and
she believed it would continue to improve. It could be argued this participant was still attempting
to position herself as having a productive disposition toward mathematics with respect to selfconcept, impacted by the social force of participating in an interview with a doctoral candidate in
mathematics education research and the hegemonic storyline of elementary teachers having a
productive disposition toward mathematics. At the same time, it can be noted the other affective
characteristics were stable, thus belonging to the “hard core” (Lynch-Arroyo, 2013) of her
disposition.
By contrast, the relative consistency with which Felicia expressed her disposition on both
questionnaires and throughout the interview may be evidence of an exceptionally strong
productive affective disposition toward mathematics. Therefore, the positioning she engaged in
during the interview did not change because it was consistent with what she interpreted her
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appropriate positioning would be for that context. It was Araceli that did not fit into either
pattern for positioning. Her case will be discussed further.
Experience as a Student Teacher
Unique from the other three cases, Araceli was the only participant who was actively
engaged in student teaching while she was enrolled in the mathematics methods course. Figure
4.10 in Chapter 4 clearly shows in each of the different data collection moments, Araceli
expressed different affective characteristics and different dispositional productivity. She was the
only participant who expressed such a wide range of dispositions, which may be attributed to her
experience as a student teacher. This would be consistent with Mueller and Hindin (2011) as well
as Swars et al. (2007), who found that experiences in student teaching contributed to changes in
disposition.
It would also be consistent with Kaasila et al. (2008) who found that reflections on
previous mathematics experiences contributed to changes in disposition. From Araceli‟s
interview, it was clear her student teaching experience forced her to confront her previous
mathematics experiences as a student. She attested to unconsciously enacting the kind of
pedagogy she had experienced as an elementary student while she was working with her own
students. It seemed as though she had not reflected upon these experiences until she noticed the
disconnect between her teaching practice and what she had learned in her pre-service teaching
coursework. This also is consistent with Guskey‟s (1986) model for change, which suggests
beliefs change only after experience.
Conclusion
The majority of the participants in this study reported a productive disposition toward
mathematics both at the beginning and end of the semester they were enrolled in a reform-based
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mathematics methods course. The entirety of metaphor responses on the post-questionnaire was
statistically more productive than the pre-questionniare. However, the majority of participants
were categorized as having an enduring productive disposition toward mathematics, meaning
their individual metaphor responses were not indicative of a more statistically productive
disposition at the end of the semester. It is possible the exposure to reform-based mathematics
methods curriculum caused a statistical improvement in metaphor responses from the entire
sample and it is possible that one semester may not be enough time to cause the majority of
participants to statistically improve their reported disposition.
Narrative analysis of individual cases supports the notion that dispositions are formed
over a long period of time and past experiences contribute heavily to currently expressed
dispositions. The analysis also supports the notion that exposure to reform-based mathematics
curriculum did have a perceived impact on the participants‟ dispositions. Further studies will be
necessary to identify which elements of reform-based curriculum make dispositional impacts.
Furthermore, participating in student teaching contributed heavily to one participant‟s reflection
on and expression of particular affective characteristics.
Different data collection techniques produced different expressions of affective
disposition toward mathematics. Indirect metaphor prompts may have elicited responses
reflecting the complexity of disposition as influenced by previous experiences and perspectives,
while one-on-one interviews with the researcher may have prompted participants to position
themselves in different ways than through metaphor. In one case, the metaphor and interview
dispositions were performed similarly. However, they were consistent with a hegemonic
storyline that elementary teachers are supposed to enact a productive disposition toward
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mathematics, which may have been prompted by the social force of an interviewer who was a
doctoral candidate in mathematics education.
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CHAPTER 6: IMPLICATIONS, LIMITATIONS, AND CONCLUSION
Implications
The student teaching experience may be a key moment in pre-service teacher
development where it might be effective to implement interventions specifically targeted toward
encouraging productive disposition toward mathematics. From the analysis of Araceli‟s data
sources, it was clear her student teaching experience during the semester had a disruptive impact
on her disposition. She pointed to the conflict between her unconscious desire to teach the way
she was taught as an elementary student and her conscious desire to teach what she was taught as
effective pedagogy as an undergraduate education student. This revelation sparked a reflection
on her past mathematics experience as a student, which challenged her perceptions of and
disposition toward mathematics. This is evidenced in the fluctuations in her responses at
different moments during the study, indicating different productivity levels and varying
emphases on affective characteristics. The moment of student teaching may also offer a potential
“turning point” (Drake, 2006) for pre-service elementary teachers to improve productive
disposition.
With just over 70% of the participants in this study categorized as expressing an enduring
affective disposition during the semester they were enrolled in a mathematics methods course is
an indication that one semester may not be enough time for pre-service elementary teachers to
change their affective dispositions toward mathematics. The formation of affective disposition
toward mathematics occurs over time and through the accumulation of experiences. As
Cassandra indicated, she did not believe one semester or even two semesters were enough for her
to completely change her nonproductive affective disposition toward mathematics. She
continued to express her desire to continue taking mathematics courses to experience more
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success and deeper conceptual understanding. She felt this would help her be a better teacher of
mathematics.
An unintended benefit of eliciting open-ended novel metaphors from participants was the
way in which it required students to think in ways they had not thought previously. As Felicia
commented:
I think that these questions helped me see how, like you know, how there‟s different ways
to think of math. . . having to do these, they actually did help me see different ways to
think about math. So I‟m thinking that this probably is – was – a good chunk of – for me
– to look at math in a different way now.
Going beyond thinking about mathematics, Cassandra explained during the interview:
I guess it just helped me bring up feelings that I really didn‟t know that I had. Like, I
knew I hated it, but that was the only word I could use for it. I could never, like, compare
it to something else in the way I did here. It helped me take math to like a totally different
level. . . These really dug deep. It really brought a lot of emotions and different feelings
out. . . It makes me feel a whole lot better, actually.
Not only was creating novel metaphors a way for this participant to investigate her own thinking
about mathematics, but it allowed her to explore emotions and feelings in a way made her feel
better. Therefore, metaphor can be an appropriate method for eliciting affective dispositional
characteristics as well as potentially being incorporated into an intervention focused on
improving affective disposition toward mathematics.
In sum, the implications from this study suggest interventions that encourage a
productive disposition toward mathematics might benefit from an implementation lasting more
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than one or two semesters, incorporating student teaching or field experience, and use of openended metaphor.
Limitations
One major limitation of this study is pre-service teachers do not yet have classroom
experience and this study cannot claim to provide any information on what these measured
affective dispositions to mathematics will have on classroom practice and future elementary
students. Although one participant did undergo field experience during the semester, there were
no observations of this participant, no interviews with the mentor teacher, or any data collected
from students. Information pertaining to the student teaching experience was derived exclusively
from self-reported data.
Another limitation is these pre-service teachers were not observed during the course of
the semester or while they were attending their mathematics methods course. Therefore, it is
nearly impossible to make any claims about what aspects of the reform-based mathematics
methods course, if any, had impacts on these participants‟ affective dispositions toward
mathematics. Only self-identified and self-reported justifications provided in the one-on-one
interview after the methods course had concluded were available for analysis. There were no
other data related to participants experiencing the methods course. Additional studies in changes
in disposition should include more data over the course of the specified time period. Regular
observations and interviews may contribute to a broader picture of how disposition is changing
and what may be attributed to impacting change. It would be remarkably beneficial to identify
which aspects of a reform-based mathematics methods course had direct impacts on improving
particular affective characteristics to encourage productive disposition. It would be equally
beneficial to see if there were any aspects of an enacted reform-based curriculum that had
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deleterious or detrimental impacts on particular students‟ affective dispositions toward
mathematics.
Furthermore, this study did not attempt to observe any kind of competency in
mathematics, or any of the other four strands of productive disposition (Kilpatrick, Swafford, &
Findell, 2001). Therefore, it is quite possible these pre-service teachers, regardless of the
productivity of their affective disposition, may harbor deep-seated misconceptions about
mathematics and may not have the depth of conceptual understanding, procedural fluency,
adaptive reasoning, and strategic competence required to be effective teachers of mathematics.
Any additional studies attempting to measure affective disposition toward mathematics should
also consider mathematics proficiency more broadly.
Conclusions
The pre-service elementary teachers in this study‟s sample, as a group, have a productive
affective disposition toward mathematics. Prior to the pilot study, it was the assumption that preservice teachers, at the elementary level specifically, would not have a productive affective
disposition toward mathematics because it was believed pre-service teachers choose to teach at
the elementary level, in part, due to the fear or intentional avoidance of advanced mathematics.
Both the pilot study and this study show the assumption of elementary pre-service teachers not
having a productive affective disposition toward mathematics is not the case.
As a group, pre-service elementary teachers in this study reported a more productive
affective disposition toward mathematics over the course of one semester. Examining the entire
corpus of metaphor responses at the beginning of the semester and comparing it to the corpus of
metaphor responses at the end of the semester shows the collective reported affective disposition
toward mathematics became statistically more productive. Given the implementation of reform-
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based mathematics methods curricula, the researcher anticipated affective dispositions toward
mathematics would improve.
However, the majority of pre-service elementary teachers did not change their disposition
over the course of one semester. By categorizing all the participants on the basis of their
metaphor responses at the beginning and at the end of the semester, the majority of the
participants (over 70%) did not change their reported affective disposition. Therefore, while the
participants reported a more productive affective disposition toward mathematics, very few
individual participants statistically changed their affective disposition during the course of one
semester. This is perhaps an indication that one semester alone is not enough to significantly
alter one‟s affective disposition toward mathematics.
Moreover, interviewing participants offered insight into how dispositions developed prior
to the mathematics methods course. If one were to accept that one semester is insufficient to
significantly change one‟s affective disposition toward mathematics, then it would stand to
reason that one‟s affective disposition toward mathematics was formed beforehand. One-on-one
interviews allowed participants the space to share their previous experiences with mathematics.
Narrative analysis revealed direct connections to affective disposition characteristics when
participants explained the rationale for selecting the stories they told about mathematics during
the interview. By stringing together a series of events and experiences over time, one can begin
to uncover potential explanations for how and why a particular individual holds a certain
affective disposition toward mathematics.
Contrastingly, the interview also offered a venue for participants to engage in positioning.
By comparing two different types of data collection techniques, the inconsistencies among coded
responses for particular affective disposition characteristics revealed participants were engaged
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in positioning themselves as having a productive disposition toward mathematics. In all but one
case, the coded responses to direct interview questions were exceedingly different from the
coded responses on the open-ended metaphor questionnaires. In all cases, the responses to the
direct questions in the interview were overwhelmingly productive. The one case where the
interview and metaphor responses were consistent, both were overwhelmingly productive.
Therefore, it could be reasonably concluded the social environment of the interview, or social
force, elicited a particular storyline that pre-service elementary teachers should possess a
productive disposition toward mathematics and these participants were simply positioning
themselves to be consistent with the expected hegemonic storyline.
Absent this social force, the open-ended metaphor prompts allowed participants to
explore previously unexplored dimensions of their mathematics disposition. Participants
identified that responding to open-ended metaphor prompts was a unique experience for them.
As such, they explained how engaging in the activity forced them to think about mathematics in
ways they had not done previously. This opened up what Hagstrom et al. (2000) assert is a “fresh
space of truth-telling” (p. 27) by allowing participants to capitalize on their linguistic resources
to indirectly tease out deep rooted and closely guarded perceptions the traditional teaching and
learning enterprise does not readily and comfortably elicit.
Questions for Further Study
Inherent to any intellectual undertaking is the promise that future intellectual work will
be required to continue furthering our collective knowledge. This study was no different. In fact,
some of the questions that arose from this study may be considered to be far more interesting and
curious than the answers to the research questions.
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One of these interesting curiosities occurred among two different groups of self-identified
bilingual participants. English dominant and Spanish dominant bilingual participants responded
differently to the metaphor questionnaires pre and post. Using the same chi-square analysis, the
English dominant bilingual participants‟ coded responses on the post-questionnaire metaphor
responses were statistically less productive than the pre-questionnaire responses χ2 (1, N = 1360)
= 4.71, p < .05, while the Spanish dominant bilingual participants‟ responses were statistically
more productive χ2 (1, N = 1900) = 6.51, p < .05. What makes this result all the more curious is
the fact than none of the mathematics methods instructors spoke Spanish. What would account
for English dominant bilingual and Spanish dominant bilingual participants to respond
differently on the pre-questionnaire and the post-questionnaire? Was it related to their
experiences in the course? Or, was it related to their previous experiences before the course?
Further studies would do well to address issues of language and language use in reform-based
mathematics methods course as potential variables that would impact affective disposition
toward mathematics.
Another interesting statistical finding was participants who responded consistently to the
race/ethnicity demographic item throughout the semester responded differently to the metaphor
prompts than the participants who altered their responses to this demographic item. Similar to the
English and Spanish dominant bilingual groups discusses above, participants who indicated a
consistent ethnorace identity throughout the semester to the metaphor questionnaires expressed a
statistically higher productive disposition on the post-questionnaire than the pre-questionnaire χ2
(1, N = 2638) = 6.54, p < .05, while participants who varied their ethnorace identity throughout
the semester expressed a statistically equivalent productive disposition χ2 (1, N = 1466) = 0.00, p
>.05. Therefore, participants who remained consistent in their ethnorace identity improved the
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productivity of their affective disposition toward mathematics, while participants who identified
their ethnorace differently throughout the semester did not change their affective disposition to
mathematics. What accounts for this difference? Is affective disposition toward mathematics
related to ethnorace identity development? Would the presence or absence of wrestling with
ethnorace identity interfere with the ability to improve the productivity of affective disposition
toward mathematics? Further studies could focus on the relationship between ethnorace identity
development and affective disposition toward mathematics.
Beyond these unanticipated curiosities, there were questions for further study that were
anticipated. For example, what will happen to the three case study participants as they enter their
student teaching experience? Will they experience the same type of confrontation with their past
experiences that Araceli experienced in her field experience? Will the consistent productive
disposition expressed by Felicia endure through student teaching? What will happen to
Cassandra and Santiago, who expressed nonproductive affective dispositions toward
mathematics, when they are confronted with student teaching experience? Will their dispositions
remain nonproductive, or will their experience provide them a space to reflect and reconstruct
their dispositions? Further studies could extend into the field experiences of pre-service teachers
to clearly observe any dynamic or enduring aspects of affective disposition toward mathematics.
Similarly, beyond the student teaching experience, what will happen to all participants as
they enter the classroom as fulltime in-service teachers? Will the dispositions they expressed in
this study endure while they are in the classroom? Or, will the experience as a fulltime teacher
allow them space to change their dispositions? How will the experience as a fulltime teacher
impact their affective disposition toward mathematics? Moreover, how will their disposition,
changing or not, impact their classroom practice? Additionally, further studies could extend
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beyond pre-service teachers in undergraduate coursework to follow these individuals as they
become fulltime licensed teachers.
In line with classroom practice, what will this mean for their students? How will their
affective dispositions toward mathematics ultimately impact their students? Will the students
adopt their dispositions? Will the students resist their dispositions? How will the interaction
between student and teacher be affected by the teacher‟s affective disposition toward
mathematics? How will these interactions affect student and teacher affective dispositions?
Further studies could examine the relationships between students and teachers in an elementary
classroom and how affective disposition toward mathematics endures, changes, and/or develops
through particular teaching and learning practices.
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GLOSSARY
Affective Disposition: One‟s attitudes, beliefs, and emotions directed toward a particular
concept, topic, or stimuli.
Anxiety: The sensation of increased energy as a response to engagement with mathematics,
which causes the enhancement or detraction of one‟s performance.
Attitude: A view, state of mind, and/or feeling resulting in an investment or divestment in
mathematics.
Concurrent Collection Sequential Analysis: A mixed methods research design whereby all
data is collected in a single phase prior to data analysis and data is analyzed in multiple phases
with the results from one phase being used to influence which data to be analyzed next and how
it will be analyzed.
Disposition: A tripartite model of mental functioning including the cognitive, affective, and
conative domains.
Mathematical Proficiency: The skill or ability of an individual to succeed in mathematics tasks
comprised of five interdependent strands of adaptive reasoning, procedural fluency, conceptual
understanding, strategic competence, and productive disposition.
Metaphor: The use of attributes belonging to one concept or term to describe another, used as a
data collection technique to indirectly elicit authentic thoughts and feelings from participants
who may be reluctant to explore or share them when asked directly.
Nature: One‟s belief in the nature of mathematics, specifically, beliefs about the conceptual,
procedural, logical, precise, beautiful, intellectually challenging, creative, concrete, abstract,
and/or infinite nature of mathematics.
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Nonproductive Disposition: An individual that does not express a productive disposition
toward mathematics. Also, an expression containing any of the following: a belief that
mathematics is exclusively procedural, irrational, chaotic, dull, intellectually boring, mundane, or
exclusively abstract or concrete; a belief that time or effort invested in mathematics has an
intrinsic or extrinsic penalty; a belief that mathematics detracts from current or future needs,
performances, or successes, plays no role in modern culture, or is limited to a narrow range of
applications; a belief that mathematics is unreasonable, confusing, meaningless, or disconnected;
possessing feelings, ideas, or self-perceptions as being an insecure learner, user, or knower of
mathematics; experiencing difficulty or discomfort with mathematics; harboring an unfavorable
view, state of mind, or feeling toward mathematics; or responding with unpleasant, threatening,
stressful, or apprehensive psychological or physiological response to mathematics.
Positioning: Individuals take up or perform positions while engaged in a social context. These
positions are both influenced by and have an impact on social force and storyline. Positions,
social forces, and storylines are subject to change from moment to moment during the social
encounter.
Productive Disposition: An individual expressing a productive disposition toward mathematics.
Or, an expression that contains any of the following: a belief that mathematics is both conceptual
and procedural, logical, precise, beautiful, intellectually challenging, creative, both abstract and
concrete, or infinite; a belief that time or effort invested in mathematics has an extrinsic or
intrinsic payoff; a belief that mathematics contributes to current or future needs, performances,
or successes; a belief that mathematics has a central role in modern culture or has a broad range
of applications; a belief that mathematics is reasonable, understandable, meaningful, or
connected; possessing feelings, ideas, or self-perceptions of oneself as a confident learner, user,
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or knower of mathematics; expressing ease or comfort with mathematics; harboring a favorable
state of mind, view, or feelings toward mathematics; or responding with pleasant, welcoming,
calming, or relieving psychological or physiological reactions to mathematics.
Reform-Based Mathematics: A mathematics curriculum designed and executed with
constructivist learning principles, positioning the student as an engaged, active participant in
their own learning.
Self-Concept: One‟s perception of oneself as a learner, knower, and user of mathematics; and/or
the perception that one does or does not experience ease and/or comfort with mathematics.
Sensibleness: The belief that mathematics is or is not understandable, reasonable, meaningful
and/or connected.
Usefulness: The belief that mathematics does or does not contribute to needs, performance,
and/or success; the belief that mathematics does or does not play a central role in modern culture;
and/or the belief that mathematics does or does not have a broad range of applications.
Worthwhileness: The belief that time and/or effort invested in mathematics does or does not
have intrinsic and/or extrinsic benefits.
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APPENDIX A: Metaphor Questionnaire 1
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UTEP ID# _____________________
Do not put your name on these forms-No escriba su nombre en estas formas
Demographic information-Información Demográfica
Gender (circle one)-Género (circule uno):

Male-Masculino

Female-Femenino

Race/Ethnicity-Raza/Etnicidad: ___________________________________________________________
Language(s) Spoken-Idioma(s) que habla: ___________________________________________________
What do you consider your dominant language? ¿Cuál considera su idioma dominante?______________
How many years have your attended school in the United States? ¿Cuántos años ha estudiado en los
Estados Unidos? ______
Please answer the following questions in the space provided. Por favor responda las siguientes
preguntas en el espacio en blanco. Puede escribir en español, inglés, o mezclar ambos idiomas.
1. Mathematics is likeLas matemáticas son como _______________________________________________________.
Explain why-Explique por qué.

2. If mathematics were a plant, it would beSi las matemáticas fueran una planta, serían _________________________________________.
Explain why-Explique por qué.
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3. If mathematics were an animal, it would beSi las matemáticas fueran un animal, serían _________________________________________.
Explain why-Explique por qué.

4. If teaching mathematics was an art, it would beSi el enseñar matemáticas fuera un arte, sería ________________________________________.
Explain why-Explique por qué.

5. If teaching mathematics were cooking, it would beSi el enseñar matemáticas fuera cocinar, sería _______________________________________.
Explain why-Explique por qué.
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6. Learning mathematics is likeAprender matemáticas es como ___________________________________________________.
Explain why-Explique por qué.

7. If learning mathematics were a journey, it would beSi aprender matemáticas fuera un viaje, sería ________________________________________.
Explain why-Explique por qué.
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APPENDIX B: Metaphor Questionnaire 2
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UTEP ID# _____________________
Do not put your name on these forms-No escriba su nombre en estas formas
Demographic information-Información Demográfica
Gender (circle one)-Género (circule uno):

Male-Masculino

Female-Femenino

Race/Ethnicity-Raza/Etnicidad: ___________________________________________________________
Language(s) Spoken-Idioma(s) que habla: ___________________________________________________
What do you consider your dominant language? ¿Cuál considera su idioma dominante?______________
How many years have your attended school in the United States? ¿Cuántos años ha estudiado en los
Estados Unidos? ______
Please answer the following questions in the space provided. Por favor responda las siguientes
preguntas en el espacio en blanco. Puede escribir en español, inglés, o mezclar ambos idiomas.
1. A mathematician is likeUn matemático es como _________________________________________________________.
Explain why-Explique por qué.

2. If mathematics were the weather, it would beSi las matemáticas fueran el clima, sería ____________________________________________.
Explain why-Explique por qué.
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3. If mathematics were a game, it would beSi las matemáticas fueran un juego, sería ____________________________________________.
Explain why-Explique por qué.

4. If learning mathematics was swimming, it would beSi aprender matemáticas fuera nadar, sería __________________________________________.
Explain why-Explique por qué.

5. Teaching mathematics is likeEnseñar matemáticas es como ____________________________________________________.
Explain why-Explique por qué.
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6. If teaching mathematics were a science, it would beSi enseñar matemáticas fuera una ciencia, sería ______________________________________.
Explain why-Explique por qué.

7. If teaching mathematics were designing, it would beSi enseñar matemáticas fuera diseñar, sería__________________________________________.
Explain why-Explique por qué.
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APPENDIX C: Interview Protocol
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Please tell me a little about yourself.
Were you born here in El Paso?
Where did you go to school? Elementary? Middle? High?
I would like you to think about your most memorable mathematics experience(s).
What math classes did you take in high school? EPCC? UTEP? Etc?
Tell me about the methods class this semester.
What did you find to be the most useful? Least useful?
Was there anything you learned this semester that changed the way you think about what the
nature of mathematics is?
Did anything this semester change the way you think about mathematics being a worthwhile
subject?
Over the course of the semester, did you change the way you think about how mathematics can
be useful?
Did you change the way you think about mathematics as being reasonable, understandable,
meaningful, or connected?
Did you change the way you feel about yourself as a learner, knower, and user of mathematics?
In this semester, did you change the way you feel about mathematics? Do you like it more? Or,
less?
Have you changed the way you feel when you are engaged in doing mathematics?
What are your most memorable mathematics experiences?
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